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BRIEF ON APPEAL FEE 

Authorization to charge Deposit Account No. 04-1105 in the amount of $540.00 to cover 
the cost of this Appeal Brief fee and in the amount of $130.00 to cover the cost of a one-month 
extension of time to file this Appeal Brief are hereby provided. In addition, if for any reason an 
additional fee is required to be paid, a fee paid is inadequate or a credit is owed for any excess 
fee paid, the Commissioner is hereby authorized and requested to charge (or credit) Deposit 
Account No. 04-1105. 

BRIEF ON APPEAL CONTENT 

This brief contains items under the following headings as required by 37 C.F.R. § 41.37 
andM.P.E.P. § 1205.2: 

I. Table of Authorities 

II. Statement of Real Party In Interest 

III. Statement of Related Cases 

IV. Status of Claims 

V. Status of Amendments 

VI. Summary of Claimed Subject Matter 

VII. Grounds of Rejection to be Reviewed on Appeal 

VIII. Argument 

IX. Conclusion 

X. Appendices 
Claims Appendix 
Evidence Appendix 

Related Proceedings Appendix 
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II. STATEMENT OF REAL PARTY IN INTEREST 

The real party in interest is Sharp Kabushiki Kaisha, having a principal place of business 
at 22-22, Nagaike-Cho, Abeno-ku, Osaka-shi, Osaka, JAPAN 545-8522. An assignment of the 
above-identified application from the inventors Hideharu TAJIMA, Nobuyuki TAKAMORI, Go 
MORI and Masaki YAMAMOTO to Sharp Kabushiki Kaisha was recorded in the United States 
Patent and Trademark Office on 14 April 2004 at Reel 015228/ Frame 0640. 
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IIL STATEMENT OF RELATED CASES 



There are no prior or pending appeals, interferences or judicial proceedings known to 
Appellants, Appellants' representatives, any of the above-identified Assignees (inventors), the 
above-identified Assignee's (inventors') representatives, or to any inventors, any attorneys or 
agents who prepared or prosecuted the application on appeal and/or any other person who was 
substantially involved in the preparation or prosecution of the application on appeal, and that are 
directly related to, directly affect, or would be directly affected by, or have a bearing on, the 
Board's decision in this Appeal. 

Applicants note for the record, however, that several United States Divisional Patent 
Applications have been filed since that filing of the present application, each of which claims 
priority from this application and is currently pending. 



B0S2 807175.1 



6 



Hideharu Tajima, et al. 
USSN 10/824,926 



Attorney Docket No. 61 144RCE(70904) 



IV. STATUS OF CLAIMS 

A. Total Number of Claims in Application 

There are 1 5 claims actively pending in application. 

B. Current Status of Claims 

Claims canceled, without prejudice: - Claims 2, 15 and 16 

Claims withdrawn from consideration but not canceled: - none 

Claims pending: - 1, 3-14, 17 and 18 

Claims allowed: - none 

Claims rejected: - 1, 3-14, 17 and 18 

C. Claims On Appeal 

The claims on appeal are claims 1, 3-14, 17 and 18 
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V. STATUS OF AMENDMENTS 



Claims 1, 3-13, 17 and 18 as amended in Appellants' Amendment of 20 February 2009 in 
the above-identified application are pending on this Appeal These Claims 1, 3-13, 17 and 18 are 
the claims finally rejected by the Examiner in the Final Official Action in the above-identified 
application dated May 28, 2009 and maintained in the Notice of Panel Decision from Pre- Appeal 
Brief for Review dated June 16, 2010. 

There are no unentered Amendments outstanding in the above-identified application. 

A clean set of the presently pending claims is reproduced in the attached Appendix 
Claims Section. 
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VI. SUMMARY OF CLAIMED SUBJECT MATTER 



A. OVERVIEW 



As will appear more fully below in the recitation of the presently pending claims, 
including interlineations in italics specifying the support in the present specification for the 
various limitations thereof, the presently claimed invention generally is an optical data recording 
medium in which irradiation of a light beam is used for reproducing recorded data and a 
reproducing method of such an optical data recording medium. More particularly, as is indicated 
in the present specification (representatively at Figure 1, Page 7, line 15 to Page 10, last line of 
the present specification and Page 13, line 8 to Page 14, line 5), the recording medium 31 
includes a reproduction layer 2 facing a light-incident surface of a substrate 5, the reproducing 
layer 2 being for reproducing a signal from a mark having a mark length shorter than a mark 
length of a resolution limit of an optical system of a reproducing apparatus for reproducing the 
optical data recording medium. More particularly, the reproducing layer 2 is a layer for the 
reproduction of a signal from a mark recorded on the medium that has a short mark length 
smaller than a laser beam spot narrowed by the optical system of the reproducing apparatus. 
Hence, for example, with an arrangement in which the reproducing layer 2 is made of a material 
whose transmittance increases upon reception of intensive light or high temperature, only a 
highly intensive part of the light beam irradiated on the reproducing layer passes through the 
reproducing layer, thereby giving a smaller beam spot size to the light beam emitted from the 
reproducing layer. This in turn makes it possible to reproduce a signal from a mark having a 
shorter mark length than that of the beam spot narrowed by the optical system of the reproducing 
apparatus. 
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Furthermore, the reproducing method includes the steps of (i) irradiating the light beam 
30 from above the reproducing layer 2, and (ii) reproducing the mark having a mark length 
shorter than resolution limit of the optical system of the reproducing apparatus. On the account 
of foregoing, it becomes possible to reproduce data from an optical data recording medium in 
which data is recorded in a very high-density. 

In a preferred embodiment, the optical data recording medium 31 includes a reflective 
layer 4, a light-absorption layer 3 and a reproducing layer 2 layered in that order on a substrate J. 
A laser beam 30 is irradiated from above the reproducing layer 2, through the light-absorption 
layer 3 and thence to the reflection layer 4 that conforms to a plurality of pits and grooves (areas 
of rise and/or recess) on the light incident surface of the substrate 5. (see Pages 12-13). The 
reflective layer 4 reflects the laser beam 30 that has passed through the reproducing layer 2 and 
the light-absorption layer 3 in the form of reproducing signals in accordance with the quantity of 
that incident light beam 30 (which varies in accordance with the rise and/or recessed nature of 
the underlying pitted surface of the substrate). The light absorption layer 3 is adapted to convert 
the light passing through it to heat in accordance with the intensity of that light and to transfer 
that heat so produced to the reproducing layer 2 contiguous thereto. The reproducing layer 2, on 
the other hand, has a variable transmittance that changes reversibly with changes in its 
temperature. Hence, the transmittance of the reproducing layer 2 is selected such that it 
increases only in a temperature rising part of the reproduction laser beam 30 (which is a small 
spot near the center of the laser beam spot 30). In this way, the diameter of the laser beam spot 
of the laser beam 30 that passes through the reproducing layer 2 is smaller than that of the 
incident laser beam 30 whereby the reproduction of shorter mark lengths than the optical 
resolution capability of the reproduction system is achieved. 
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The novelty and nonobviousness of the claims of this application will be discussed in 
detail below. Suffice it to note at this stage that with respect to the claims that are currently the 
subject of this Appeal, Appellants respectfully submit that specific support for the various 
limitations thereof appears in the present specification at least as follows: 

B. CLAIMS 

1. (Rejected) An optical data recording medium (31, see Fig. 1, Page 12, lines 8-20), in 

which irradiation of a light beam (30, see Fig. 1, paragraph bridging pages 12 and 13) 
is used for reproducing recorded data, comprising: 

a substrate (5, see Fig. 1) having pits (see, Fig. 1 and Page 13, lines 6-21) 
disposed on a light incident surface thereof (i.e., " that surface of the 
substrate 5 from above which the laser light beam 30 is irradiated (from 
the optical system); that is that surface of the substrate 5 above which the 
reproducing layer 2 is provided" see Page 13, lines 8-11 and Fig. 1), 
corresponding to the recorded data, which are shorter than a resolution 
limit of an optical system of a reproducing apparatus which reproduces 
that optical data recording medium ( see page 39, last paragraph to Page 
40, paragraph 3)\ and 

a reproducing layer (2, see Fig. 1) for improving the resolution of optical signals 
from said pits ( see Page 1 7, line 7 to Page 21, line 1, particularly 
paragraph bridging pages 20 and 21) and passing said improved 
resolution optical signals from said pits to said optical system of said 
reproducing apparatus in a form reproducible by said reproducing 
apparatus, the reproducing layer (2) being provided so as to face said 
light-incident surface of said substrate (5). 
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2. (Canceled, without prejudice) 



3. (Rejected) The optical data recording medium (31) as set forth in Claim 1, wherein: 
the reproducing layer (2) is made of a material whose 
transmittance changes in accordance with temperature, (see Page 
1 7, line 8 to Page 18, line 24) 



4. (Rejected) The optical data recording medium (31) as set forth in Claim 1 wherein: 
at least a part of a light-incident surface of the reproducing layer (2) is 
exposed to air. ("In the optical data recording media 31, the cover layer 1 
does not completely adhere to the reproducing layer 2, and a layer of air 
is formed between the cover layer 1 and the reproducing layer 2. A laser 
beam 30 is irradiated, from above the cover layer 1, to the optical 
recording medium 31. The laser beam passes through the cover layer 1 
and the layer of air, and reaches the reproducing layer 2. " see Page 12, 
lines 16-24) 



5. (Rejected) The optical data recording medium (31) as set forth in Claim 1 further 
comprising: 

a light absorption layer (3, see Fig. 1) for converting an incident light 
beam (30) directed toward said light incident surface of said 
substrate (5) to heat, the light absorption layer (3) being contiguous 
to the reproducing layer (2). (see Page 15, lines 12 - 19 regarding 
heat generation; see also Page 16, lines 12-19 regarding 
contiguous disposition of layers; and further Page 12, lines 13-15, 
"The reflective layer 4, the light absorption layer 3, reproducing 
layer 2 are layered on substrata 5 in this order" . Emphasis added,) 
12 
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6. (Rejected) The optical data recording medium (31) as set forth in Claim 1 further 

comprising: 

a reflective layer (4, see Fig. 1) for reflecting an incident light beam 

directed toward said light incident side (as described previously 
above) of said substrate (5) 9 the reflective layer (4) being provided 
between said light incident side of said substrate (5) and said 
reproducing layer (2). (see Page 12, lines 13-15, 'The reflective 
layer 4, the light absorption layer 3, reproducing layer 2 are 
layered on substrata 5 in this order" . Emphasis added,) 

7. (Rejected) The optical data recording medium (31) as set forth in Claim 1 wherein: 

the reproducing layer (2, see Fig. 1) is made of a metal oxide, (see Page 18, lines 
8-24) 

8. (Rejected) The optical data recording medium (31) as set forth in Claim 7, wherein: 

the reproducing layer (2, See Fig. 1) is made of a zinc oxide, (see Page 18, last 
line to Page 19, line 21) 

9. (Rejected) The optical data recording medium (31, see Fig. l)as set forth in Claim 5, 

wherein: 

the light absorption layer (3, see Fig. l) is made of one of silicon, germanium and 
an alloy of silicon and germanium, (see Page 15, line 20 to Page 16, 
line 3) 
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10. (Rejected) An optical data recording medium (31, see Fig. I), in which irradiation 
of a light beam (30) is used for reproducing recorded data, comprising: 
a substrate (5, see Fig. 1) having a light incident surface containing pits, 

corresponding to the recorded data, which are shorter than a resolution 
limit of an optical system which reproduces the optical data recording 
medium (see Page 13, lines 6 to 21); 
a reproducing layer (2, see Fig. 1), stacked on the light incident surface of the 
substrate (5) in which the pits are provided, the reproducing layer (2, see 
Fig. 1) having a changeable transmittance with respect to an irradiated 
light beam (30) irradiated on the reproducing layer (2) and directed toward 
said light incident surface of said substrate (5) 9 the changeable 
transmittance being changeable in accordance with an intensity 
distribution of the light beam irradiated on the reproducing layer (2) (see 
also Page 1 7, lines 7 to 21); and 
a reflective surface (4, see Fig. 1), provided between the substrate (5) and the 

reproducing layer (2) 9 for reflecting a light beam that has passed through 
the reproducing layer (2). 



11. (Rejected) The optical data recording medium (31, see Fig. 1) as set forth in Claim 
10, further comprising: 

a reflective layer (4, see Fig. 1) provided between the substrate (5, see Fig. 
1) and the reproducing layer (2, see Fig. I), and including the reflective 
surface (see paragraph bridging Pages 14 and 15). 
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12. (Rejected) The optical data recording medium (31, see Fig 1) as set forth in Claim 

10, further comprising: 

a light absorption layer (3, see Fig. 1), provided between the substrate (5) 
and the reproducing layer (2), for converting, to heat, the light beam 
irradiated thereon (see Page 15, lines 12 to 19). 

13. (Rejected) The optical data recording medium (31, see Fig. 1) as set forth in Claim 

10, wherein: 

at least a part of that surface of the reproducing layer (2) which is a 
reverse surface to the surface facing the substrate (5) is exposed to air. 
("In the optical data recording media 31, the cover layer 1 does not 
completely adhere to the reproducing layer 2, and a layer of air is formed 
between the cover layer 1 and the reproducing layer 2. A laser beam 30 is 
irradiated, from above the cover layer 1, to the optical recording medium 
31. The laser beam passes through the cover layer 1 and the layer of air, 
and reaches the reproducing layer 2. " see Page 12, lines 16-24) 

14. (Canceled, without prejudice) 

15. (Canceled, without prejudice) 

16. (Canceled, without prejudice) 
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17 (Rejected) A reproducing method of an optical data recording medium (31, see Fig. 1) 
in which irradiation of a light beam (30) is used for reproducing data 
recorded in the optical data recording medium, 
said optical data recording medium (31) including: 

a substrate (5) having a light incident surface containing pits, corresponding to 
recorded data, which are shorter than a resolution limit of an optical 
system of a reproducing apparatus which reproduces the optical data 
recording medium; and 

a reproducing layer (2) for improving the optical resolution of optical signals from 
said pits and passing said improved resolution optical signals to said 
optical system of said reproducing apparatus in a form reproducible by 
said reproducing apparatus, 

the reproducing layer (2) being provided so as to face said light-incident 
surface of the substrate (5), 
said reproducing method comprising the step of: 

irradiating the light beam (30) from above the reproducing layer (2) to the light 
incident surface side of said substrate (5) so as to reproduce the pits, (see 
comments regarding Claim 1 above as well as Page 21, line 22 to Page 
24, last line -particularly, paragraph bridging pages 22 and 23) 
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18. (Rejected) A reproducing method of an optical data recording medium (31, see Fig, 
l)in which irradiation of a light beam is used for reproducing data 
recorded in the optical data recording medium, 
said optical data recording medium (31) including: 

a substrate (5) containing pits in a light incident side thereof, corresponding to the 
recorded data, which are shorter than a resolution limit of an optical 
system of a reproducing apparatus which reproduces the optical data 
recording medium; 

a reproducing layer (2) stacked on the light incident surface of the substrate (5) in 
which the pits are provided, the reproducing layer (2) having a changeable 
transmittance with respect to an irradiated light beam irradiated on the 
reproducing layer and directed toward said light incident side of said 
substrate (5), the changeable transmittance being changeable in 
accordance with an intensity distribution of the light beam irradiated on 
the reproducing layer (2)\ and 

a reflective surface, provided between the substrate (5) and the reproducing layer 
(2) for reflecting a light beam that has passed through the reproducing 
layer (2), 

said reproducing method comprising the step of: 

reproducing said recorded data by irradiating a light beam (30) onto said optical 
data recording medium (31) from above the reproducing layer (2). (see 
comments regarding Claim 1 above as well as Page 21, line 22 to Page 
24, last line -particularly, paragraph bridging pages 22 and 23) 
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VI, GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A, The grounds of rejection to be reviewed on this Appeal, are: 

1 . Whether claims 1,3-13, and 17-18 would have been obvious to a 
person of ordinary skill in the art at the time that the invention of the 
above-identified application was made within the meaning of 
35 U.S.C. § 103(a) over Tominaga et al (US Patent No. 5,569,517 - 
Evidence Appendix Exhibit I) in 

view of Jung (US Patent No. 5,516,568 - Evidence Appendix 
Exhibit II); and 

B. All of the finally rejected dependent claims of this application stand or fall with 

their respective associated base independent claim. 



) 
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VII. ARGUMENT 

A. STANDARDS OF OBVIOUSNESS UNDER 35 USC 103(a) 

The standards required to be satisfied in order to support a holding of "obviousness" 
under 35 USC 103(a) are well defined as follows: 

"To establish a prima facie case of obviousness under Section 103, 
Title 35 United States Code (35 USC §103), three basic criteria must 
be met. First, there must be some suggestion or motivation, either 
in the references themselves or in the knowledge generally available 
to one of ordinary skill in the art, to modify the reference or to 
combine reference teachings. Second, there must be a reasonable expectation 
of success. Finally, the prior art reference (or references when combined) 
must teach or suggest all of the claim limitations. The teaching or 
suggestion to make the claimed combination and the reasonable 
expectation of success must both be found in the prior art, and not based 
on Applicants 9 disclosures In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 
(Fed. Cir. 1991). (See, Manual of Patent Examining Procedure §2142 (8th Edition), at 
page 2 1 00-2 \2\,et seq. ) Emphasis added 

Accordingly, unless the Examiner establishes a satisfactory prima facie case in 
support of his rejections under 35 USC 103(a), his rejections should be vacated on this 
Appeal. 
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Furthermore, according to Section 2143.01 (III) of the Manual of Patent Examining 
procedure (MPEP), it is settled law that "[t]he mere fact that a reference can be combined or 
modified does not render the resultant combination obvious unless the prior art suggests the 
desirability of the combination". In re Mills, 916 F.2d 680, 16 USPQ2d 1430 (Fed. Cir. 1990) 
Also, it is impermissible simply to engage in hindsight reconstruction of the claimed invention, 
using applicant's structure as a template and selected elements from the references to fill the 
gaps. In re Gorman, 18 USPQ2d 1885 (Fed. Cir. 1991) Further still, Section 2 143.01 (VI) of the 
Manual of Patent Examining Procedure makes it abundantly clear that in order for a disclosure of 
a reference to conform with the standards for the establishment of a prima facie case supporting 
a rejection under 35 USC 103, the proposed modification of the prior art embodied in a claim of 
an application cannot change the principal of operation of the prior art reference being applied. 
In other words, if the proposed modification or combination of the prior art relied upon by the 
Examiner would change the principal of operation of the prior art invention being modified in an 
attempt to reach the present invention, then the teachings of the combined references are not 
sufficient to establish a prima facie case of obviousness under the appropriate standards for the 
same. In re Ratti, 280 F.2d 810, 123 USPQ 349 (CCPA, 1959) 

Applicants respectfully submit that all of the foregoing criteria are relevant to the 
ultimate determination of this Appeal. 
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B. DISCUSSION 

1. Whether claims 1, 3-13 and 17-18 would have been obvious to a person of 
ordinary skill in the art at the time that the invention of 
the above-identified application was made within the meaning of 
35 U.S.C. §103(a) over Tominaga et al (US Patent No. 5,569,517) 
in view of Jung (US Patent No. 5,516,568). 

a. The Outstanding Final Rejection 

In the currently outstanding Final Official Action in the above-identified application, the 
Examiner has alleged that Tominage et al. (US Patent No. 5,569,517) teaches an optical data 
recording medium, in which irradiation of a light beam is used for reproducing recorded data 
(reading light of Figs. 1 and 2). In this regard, the Tominaga et al structure is alleged to include 
a substrate having pits (10 and 21 of Fig. 2, Col. 4, lines 15-28) corresponding to the recorded 
data. Appellants do not agree that the reference numeral 10 refers to pits. It is respectfully 
submitted that the Tominaga reference numeral 10 refers to the protective layer. Furthermore, 
the Examiner alleges that the pits disclosed by the Tominaga et al reference are shorter than a 
resolution limit of an optical system of a reproducing apparatus which reproduces the optical 
data recording medium (Col 2, lines 24-35 and Column 10, lines 7-20) and suggests that super 
resolution is the ability to read an image beyond the diffraction limit resolution. As will appear 
more fully below, Appellants do not agree that the Tominaga et al reference discloses pits that 
are shorter than the optical resolution limit of the associated optical system. Further, the 
Examiner alleges that Tominaga et al includes a reproducing layer for improving the resolution 
of optical signals from said pits and passing said improved resolution optical signals from said 
pits to said optical system and said reproducing apparatus in a form reproducible by said 
reproducing apparatus (3 of Fig. 2, Column 3, lines 38 - 55, Column 4, lines 20-28 the mask 
layer of the transmittance control layer increases the resolution of the read out). 
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The Examiner admits, however, that the Tominaga et al reference fails to teach the pits 
are disposed on a light-incident surface of the substrate and the reproducing layer is provided so 
as to face the light incident surface of said substrate. However, the Examiner alleges that the 
Jung (US Patent No. 5,516,568) reference teaches an optical data recording medium wherein the 
recording layer is the light-incident surface and the reproducing layer is provided to face said 
light-incident surface(Jung 5 of Fig. 1, Column 4 lines 38-51) From this, the Examiner alleges 
that one of ordinary skill in the art would have recognized the ability to replace the change 
transferring (charge-transferring??) material of the Jung reference to lands and pits as in the 
present invention). 

Appellants do not agree with the Examiner 's conclusion concerning the obviousness of 
replacing the change transferring (meaning "charge-transferring"?) material of Jung with lands 
and pits as in the present invention. Appellants note in this regard that in the Jung reference, the 
information is stored on the outer surface of the outer recording layer 5, not the surface of the 
substrate or any of the layers between the outer layer 5 and the substrate. Furthermore, during 
information reproduction a laser beam of lesser intensity than that of the laser beam intensity 
used in recording (i.e., incapable of generating a charge) is scanned across the outer surface of 
the recorded medium 5, with a technique being employed to reproduce information relying upon 
the difference of the light transmitted through or reflected from the optical recording medium 5 
(see Jung, Column 5, lines 1-7). In other words, in Jung information is recorded by charges 
generated in the charge generating layer 3 in response to an incident laser beam of a 
predetermined wavelength that is absorbed by the charge generating layer 3 which charges are 
transferred to the outer surface of the recording layer 5, not to a light-incident surface of the 
substrate 1, and thereafter read by differences in the transmittance of the recording layer 5 
caused thereby. Such is respectfully submitted to be totally different in concept and means from 
thermally (or light intensity) controlling a mask layer so as to adjust the resolution of a laser 
beam incident thereon as in the present invention on its way toward a pitted information 
containing surface of a substrate. 

22 
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Then, by taking the alleged teachings of Tominaga et al and Jung "as a whole", the 
Examiner asserts (erroneously in Appellants ' estimation) that one of ordinary skill in the art 
would be motivated to combine the teachings of an optical data recording medium with the 
teachings of a recording and reproducing layer on the surface of the light-incident surface for the 
benefit of an increase in the data density of the optical disc and long archival capability (citing 
Jung Column 3, lines 55-61) 
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b» Pits Shorter Than The Resolution Limit Of An Optical System In The 
Reproducing Apparatus 

During the course of the present prosecution, Appellants have agreed that Tominaga et 
al., in Figures 1 and 2, depicts pits 21 that are shorter than the diameter (Dnof a reading light 
beam . Nevertheless, Appellants respectfully submit that this is insufficient to anticipate or 
render obvious the feature of the present claims that specifies "pits disposed on a light incident 
surface thereof corresponding to the recorded data, which are shorter than a resolution limit 
of an optical system of a reproducing apparatus which reproduces the optical data recording 
medium ". 

In support of the foregoing assertion, Appellants respectfully note that the beam spot 
diameter in devices of the type herein claimed is generally and conventionally denoted by those 
skilled in the art as A/NA (X: being the wavelength of read light beam, and NA being the 
numerical aperture). In contrast to this, the typical optical resolution limit of such an optical 
system is generally denoted by M(4NA) ^ that is as being equal to one quarter (1/4) of the beam 
spot diameter. 

Accordingly, Appellants respectfully submit that when one skilled in the art views the 
pits shown in Figures 1 and 2 of Tominaga et al. bearing the latter facts in mind, it clearly 
appears that the pits depicted by Tominaga et al are longer than the optical resolution limit 
referred to in the claims of the present application. Furthermore, Appellants respectfully submit 
that it should be recognized that the Tominaga et al. reference does not anywhere explicitly 
teach pits shorter than the resolution limit of an optical system of an associated reproducing 
apparatus. 
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The present specification at page 39, last paragraph to Page 40, paragraph 3, on the other 
hand, clearly and distinctly describes the use of pits less than 0.14 |im, that is shorter than the 
optical resolution limit, in securing sufficient signal quality (i.e., optical resolution limit: 0.16|am 
= 408 nm/ (4 x 0.65) - see specification at page 39, paragraph 2). 

Indeed, in this regard, the Examiner previously in this prosecution has admitted that the 
Tominaga reference does not teach that the pits are less than the optical resolution limit as 
calculated by k/(4NA). Nevertheless, however, the Examiner has maintained that one of 
ordinary skill in the art would understand that Tominasa is teachins pits shorter than the 
normal optical resolution limit by inference from the sections at Column 2 % lines 24-3 S and 
Column 10, lines 7-20 of the Tominasa et al specification . Appellants respectfully submit in 
this regard that the Examiner has based the foregoing position upon a totally unsupported belief 
that the only variable that accounts for the changes in super resolution discussed by the 
Tominaga et al reference is changes in pit length thereby making the presently claimed pit 
lengths inherent in the Tominaga et al disclosure. 

Appellants do not agree. 

In support of this position, Appellants respectfully note that the Tominaga et al reference 
does not characterize the prior art referred to in the Background section of its specification at 
Column 2, lines 24-35 in the manner referred to above, i.e., as shorter than the normal optical 
resolution limit of the reproducing optical system. Appellants believe that this is because the art 
described in the Background section of the Tominaga et al reference is different from and not 
specifically relevant to the Tominaga Fig. 2 invention. 
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Thus, it will be recognized that while the materials referred to by Tominaga at Col. 2, 
lines 24-35 are very generally suggested therein to achieve higher resolutions than the incident 
light beams ("This material layer is provided for achieving higher resolution beyond the limit 
determined by the reading light wavelength 1 and the objective lens numerical aperture NA..."), 
those materials are different from the materials that Tominaga et al discusses with respect to his 
Fig. 2. Also, Tominaga et al never quantifies the length of the phase pits referred to as being 
optically read in the Background portion of their specification. Furthermore, in this regard, and 
significantly, in the currently outstanding Final Official Action at Page 2 the last sentence of the 
second full paragraph, the Examiner indicates that the background section of the Tominaga et al 
reference to which he has repeatedly referred as disclosing the presently claimed pit lengths is 
now relied upon "merely to clarify what is referred to at Column 10, lines 7-20 thereof that he is 
using as an inferential teaching of the present invention. 

Consequently, Appellants respectfully submit that while Tominaga may indicate 
generally that reproducing layers are present in the art that can improve the resolution of 
information derived from pits in a substrate surface, nothing in Column 2, lines 24-35 of 
Tominaga et al (or any other location in the art currently of record in this proceeding) is 
sufficient to anticipate (or render obvious) the present invention as presently claimed. This is 
because there is simply no disclosure, teaching or suggestion regarding the length of the so- 
called "phase pits" relative to the optical resolution limit of the optical system provided by the 
Tominaga et al reference in this (or indeed any) regard. 
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Appellants also respectfully submit that the same is true with respect to the Examiner's 
comment that "super resolution is the ability to read an image beyond the diffraction limit 
resolution". More particularly, it is Appellants' position that without any specification teaching, 
disclosing or suggesting the specific quantitative relationship between the optical system 
resolution and the length of the pits, it is simply not possible to justify a position that the 
Tominaga et al reference somehow anticipates or otherwise renders unpatentable the present 
claims that do specify the quantitative relationship in question by the resort to some sort of 
undefined inference supposedly apparent to one of ordinary skill in the art at the time that the 
present invention was made. 

Appellants, therefore, respectfully emphasize that the Tominaga et al reference 
specifically refers only to a suggestion Cue., an inference* to use the Examiner's phraseology) 
that the results of at least one of the experiments described in their specification is that a higher 
resolution is achievable with a material that changes its reflectance with temperature. 
Specifically, Tominaga et al at Column 10, lines 7-20, mention a "super-resolution read out" 
(Col. 10, lines 19-20). However, the term "super resolution" appears in a sentence beginning 
with "This suggested that ..." Appellants respectfully submit therefore that he entire sentence in 
question gives rise only to a mere possibility of a "super-resolution read-out", not solid evidence 
disclosing or otherwise evidencing the technique suggested (inferred) by the Examiner. Thus, 
Appellants respectfully submit that the just-referred-to statement in the Tominaga et al reference, 
like the related statement from the Background section of the Tominaga et al reference alluded to 
above, even if true, is not sufficient to justify the expansive conclusions concerning the 
relationships between pit length and optical system resolution that the Examiner has chosen to 
draw from it. 
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Hence, it is Appellants' belief that neither of the portions of the Tominaga et al reference 
referred to by the Examiner (and noted above) is sufficient to constitute a reduction to practice 
by Tominaga, et al of the super resolution disclosed and claimed in the present application. 
Accordingly, Appellants respectfully submit that the Examiner has not justified his conclusion 
determining the unpatentability of the present application based thereon (i.e., the Examiner has 
not established the required prima facie case in support of his rejection). 

Consequently, Appellants respectfully submit that Tominaga et al does not inherently 
teach, disclose or suggest to one skilled in the art as of the time that the present invention was 
made that so-called "super resolution" technology delivers a desired performance when the 
length of the pits that are the signal source are at or below the optical resolution limit of the 
associated optical system. The Tominaga et al reference's broad and generalized suggestion 
(inference) that it achieves a higher resolution limit than the optical resolution of the input light 
beam from the associated optical system simply does not constitute a teaching, disclosure or 
suggestion that that higher resolution limit originates only and/or necessarily with signals 
reproduced from pits shorter than the resolution limit of the optical system. 

Stated slightly differently, even if the Tominaga et al reference arguably might be said to 
infer that it obtains a higher resolution than the optical resolution limit of its associated optical 
system, that inference alone and taken only in and of itself in Appellants' estimation cannot be 
taken as a disclosure to one of ordinary skill in the art at the time that the present invention was 
made that the Tominaga results are achieved with pit lengths shorter (or for that matter longer) 
than the optical resolution of the associated optical system. 
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The broad and general overall concept of super resolution may be present to some limited 
extent in Tominaga et al disclosure, but as far as Appellants can see the Tominaga et al 
disclosure nevertheless is clearly and totally insufficient to teach, disclose or suggest whether its 
results are achievable with pits that are shorter and/or longer than the optical resolution of the 
associated optical system. This is particularly because none of those quantitative measurements 
is contained anywhere in the Tominaga et al disclosure or anywhere else in the art relied upon by 
the Examiner in this application. 

Hence, Appellants believe that the Tominaga et al disclosure is insufficient to teach or 
disclose or suggest to one of ordinary skill in the art at the time that the present invention was 
made what the lengths of the pits should be in order to achieve "super resolution". Appellants 
also believe that the foregoing should again be contrasted with the fact that the present invention 
teaches unequivocally and specifically that the pit length should be shorter than the optical 
resolution of the associated optical system when "super resolution" is achieved. 

In addition, the crystal-to-liquid or amorphous-to-liquid materials mentioned by 
Tominaga at Col. 2, lines 24-35 are suggested to achieve higher resolutions than the resolution 
limit of the associated optical system (i.e., at least greater than the resolution achievable with the 
input reading light beam). Those materials are admitted by the Examiner to be different from, 
and to function differently from , the materials that Tominaga et al discusses with respect to his 
Fig. 2 that utilize a crystal-to-crystal transition to effect a super resolution capability that may 
increase or decrease reading light reflectivity and hence resolution, (see Tominaga at Col. 4, In 
65 to Col. 5, In 54). 
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Accordingly, since the discussion at Col. 10, Ins 7-20, of Tominaga only suggests 
(infers) that a crystal-to-crystal type of super resolution read out was obtained in one example, 
and did so without specifying the size of the pits involved in storing information, Applicants 
respectfully again submit that the actual disclosure of the Tominaga reference relied upon by the 
Examiner does not specifically support the inferences that the Examiner chooses to draw from it, 
i.e., so-called "super resolution" technology delivers a desired performance when the length of 
the pits are at or below the optical resolution limit of the associated optical system. Indeed, so- 
called "super resolution technology" does not always deliver desired performance from pits 
having lengths at or below the optical resolution limit. In particular, as the following analysis 
shows, the pit length in some super resolution technologies can be longer than the optical 
resolution when "super resolution" is achieved thereby rendering the Examiner's "inherent 
teaching" basis for the currently outstanding rejections in the currently outstanding rejections 
untenable. 

Accordingly, Appellants respectfully submit that it should be recognized that in actuality, 
as the mark (i.e., pit) length approaches the optical resolution limit of the associated optical 
reproduction system in an ordinary optical information storage medium one cannot obtain the 
requisite strength (ex. C/N) of signals reproduced from marks longer than the optical resolution 
limit. The technology that improves the signal strength from such marks, even if the marks are 
longer than the resolution limit, is sometimes described as "super resolution. See, for example, 
Exhibit III in the Evidence Appendix hereto dealing with magnetically induced super resolution 
and the following analysis that shows that the mark (i.e., pit) lengths in the disclosed 
magnetically induced super resolution context are longer than the optical resolution limit 
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Consequently, Applicants respectfully submit that the Tominaga et al reference is 
insufficient to teach, disclose or suggest what the length of the pits should be in a system that 
achieves "super resolution" despite the Examiner's attempt to impute some sort of inherent 
disclosure to the Tominaga et al reference that is respectfully submitted to not really be there. 



Analysis of Exhibit I in Evidence Appendix (magnetic super 
resolution) in comparison to Blu-Rav Disc of Exhibit II in 
Evidence Appendix 

In support of Appellants' assertion that the pit length can be longer than 
the optical resolution of the optical system in some cases wherein so-called super 
resolution is achieved, Appellants respectfully direct attention to Exhibits III and 
IV of the Evidence Appendix which may be identified as follows: 

1 . Proc. SPIE 4342,252 (2002) 50-mm CAD-MSR Disk System with Blue Laser, 
Y, Murakami, et al - See Exhibit III of Evidence Appendix 

2. "New Anatomy of Next -generation Optical Discs: In-depth Analysis (with partial 
English language translation of relevant sections) - See Exhibit IV of Evidence 
Appendix 
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The minimum mark length described in Exhibit III (that describes 
magnetically induced super resolution) above can be calculated through a 
comparison with Exhibit IV above as follows: 

The Abstract of Exhibit III specifically indicates that it relates to a super 
resolution medium. 

Accordingly: 

Exhibit III at page 253, Fig. 1 explains track pitch while Exhibit IV 
illustrates the track pitch for a Blue Ray Disc 

Exhibit III at Table 1 on page 256 states a reproduction wavelength of 406 
nm, a NA of 0.60, a recording format as land/groove and a modulation 
code of (1,7) RLL. Further, at page 258 of Exhibit III a recording density 
of 1 1 Gbit/in is disclosed. 

Exhibit IV, on the other hand, at page 26 indicates a recording density of 
18 Gbit/in 2 , a minimum mark length of 0.149 jim and a modulation code 
of 1-7PP (the same as (1,7) RLL) at 25-Gb BD. 
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ANALYSIS 

The storage capacity, Q, for one revolution at radius r from the center of a 
disc is 

Q = C x 27ir/L 

Where 27rr is the circumference, while L is the minimum mark length and 
C is a constant determined by the modulation code . The area S of the 
data recording region located at radius r is given by 

S = 2;ir x P 

Where P is the recording pitch. 

Hence, the recording density D for the revolution is given by 

D = Q/S = C x 27ir/L/(27ir xP) = C/(L x P) 

Assuming the density Dl is the minimum recording 
density, the minimum mark (i.e., pit) length is LI, the recording 
pitch is PI and the constant CI is associated with Exhibit III, while 
with regard to the structure of Exhibit IV the density D2, the 
minimum mark length is L2, the recording pitch is P2 and the 
constant is C2 

Dl = C1/(L1 x PI) and D2 = C2/(L2 x P2) 

The modulation codes for Exhibit III and Exhibit IV are equal 
which means that: 

CJ=C2 

33 
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Thus, when one substitutes the values from Exhibits III and IV into 
the foregoing: 

Dl = 1 1 Gbits/in 2 (page 258 of Exhibit III) 

PI = 0.40|im - Since the recording scheme attached to Exhibit IV 
is 'groove recording" (see Table 1) Recording Pitch P2 = Groove 
Width + Land Width. In contrast, the recording scheme of Exhibit 
III is "land/groove recording (see Table 1) and Recording Pitch PI 
= groove Width = Land Width. 

Then: 

For the structure of Exhibit IV 
D2= 18 Gbits/in 2 
P2 = 0.32 \im 

L2 = 0.149 urn (see Table 1) 

Accordingly: 

Since CI =C2 

LI = C1/(D1 x PI) = D2 x (L2 x P2)/(D1 x PI) = 0.195 ^im (well 
in excess of the minimum mark length L2 = 0.149 [im 
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Clearly, therefore, if both the discs of Exhibit III and Exhibit IV 
are read by the same optical system and LI is equal to the 
minimum optical resolution of the optical system, the disk of 
Exhibit IV has a minimum mark length in excess of the optical 
resolution of that optical system, yet both the discs of Exhibit III 
and Exhibit IV can in appropriate contexts exhibit super resolution 
behaviors. 

Note: The recording scheme attached to Exhibit IV is 'groove 
recording" (see Table 1) Recording Pitch P2 = Groove Width + 
Land Width. In contrast, the recording scheme of Exhibit 1 is 
"land/groove recording (see Table 1) and Recording Pitch PI = 
groove Width = Land Width 

Therefore, Appellants respectfully submit that the Examiner's inference that Tominaga 
achieves a higher resolution limit than the optical resolution limit of the associated optical 
system does not constitute a teaching, disclosure or suggestion that that higher resolution limit 
originates with signals reproduced from pits shorter than the resolution limit of the optical 
system as herein claimed. The Tominaga et al disclosure simply does not provide the 
quantitative measurement basis needed to support the Examiner's position, and, in fact, 
Tominaga et al appears to teach only that the effective resolution obtained therein is larger than 
the A/4NA of the original conventional beam (see Tominaga, Col. 4, In 65 to Col. 5, In 54 and 
drawings). 
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c. Importance Of Difference Between Prior Art And Present Invention 
Regarding Direction Of Light Beam Incident On Substrate And 
Arrangement Of Reproducing Layer 

An alteration of the light-incident-side of the disk from the substrate side as in the 
Tominaga et al reference to the recording layer side as in the present invention is included in all 
of the present claims. This feature has been found to be especially effective in reading pits 
shorter than the optical resolution limit of an associated optical system as herein claimed. In 
addition, the benefits achievable in the present invention by the irradiation of the light beam from 
above the reproducing layer are as follows: 

The feature that the irradiation of the disc by a light beam is to be from above the 
reproducing layer in the present invention directly contrary to the teachings of the Tominaga et al 
reference has been found to be especially effective in reading the claimed pits that are shorter 
than the optical resolution limit of the associated optical system as discussed above. This is 
clearly demonstrated by a comparison of Example 1 and the comparative examples of the present 
specification (see the present specification, page 40, last paragraph through page 41, paragraph 
1). In particular, as described at page 28, last paragraph to Page 29, paragraph 2 and Figure 5, 
the feature (i) is not restrained by the thickness of the reproducing layer and is therefore capable 
of improved super-resolution capability; and (ii) improves the resolution limit when the layer 
thickness is unchanged. This is to say that the feature that the pits, corresponding to the recorded 
data, are shorter than the optical resolution limit of an optical system in the reproducing 
apparatus is not restrained in the present invention by the thickness of the reproducing layer. 
The present invention is therefore capable of improved super-resolution capability; and the fact 
that the irradiation of a light beam comes from above the reproducing layer improves the 
resolution limit when the layer thickness is unchanged. 
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Nevertheless, as will appear more fully below, at the time that the present invention was 
made, those benefits were not known to be attainable without an alteration of the NA of the 
conventional disk. In particular, as compared with a conventional DVD or the like, at the time 
that the present invention was made it was extremely difficult to manufacture a Blue ray disk 
equivalent provided with pits having lengths corresponding to the Blue ray disk resolution. This 
was because the cutting techniques required for forming pits corresponding to the Blue ray disk 
were fundamentally different from, and more difficult and time consuming than, those sufficient 
for a DVD. 



B0S2 807175.1 



37 



Hideharu Tajima, et al. 
USSN 10/824,926 



Attorney Docket No. 61 144RCE(70904) 



d. Tominaga et al In View Of Jung 

Appellants respectfully submit that the Tominaga et al reference did not teach, disclose or 
suggest to one of ordinary skill in the art as of the time that the present invention was made 
either alone or in combination with the Jung reference or the knowledge of one of ordinary skill 
in the art that in the super resolution context (i) a pit length on a light-incident-surface for 
recording information should be shorter than the resolution limit of the associated optical system, 
or (ii) that the light-incident-side of the substrate should be the substrate side adjacent to the 
reproducing layer. 

Appellants respectfully re-assert their belief (noted above) that the Jung reference appears 
to be clearly and totally inapposite to the present invention. Thus, in Jung the optical recording 
medium comprises a substrate 1, a reflective layer 2, a charge-generating layer 3, a charge- 
transferring layer 4, a recording layer 5, and a plurality of spacers 6 defining an air layer 7 
between the recording layer 5 and an outer protective layer 8. A laser beam irradiated from 
above the outer surface of the recording layer 5 having a predetermined wavelength is focused 
on and absorbed by the charge-generating layer 3 so as the generate a localized charge on the 
outer surface of the charge-generating layer. The so-generated charge is transferred through the 
charge-transfer layer 4 and the recording layer 5 to the outer surface of the recording layer 5 so 
as to color the corresponding charge carrying portion of that surface. Thereafter, readout of the 
information stored by the charged portions of the outer surface of the layer 5 is accomplished by 
scanning that surface with a laser beam less intense and having insufficient energy to cause 
charge generation. More specifically, the charged nature of the surface of the recording layer 5 
determines the light transmittance and light reflectance characteristics of the recording layer 5 
such that the scanning laser beam allows the recorded information to be recovered. (See Jung at 
Column 4, line 38 to Column 5, line 7) 
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Despite the foregoing, the Examiner asserts that: 

Jung teaches the optical data recording medium wherein the 
recording layer is the light-incident surface and the reproducing 
layer is provided to face said light incident surface . . .such that 
one of ordinary skill in the art would have recognized the 
ability to replace the change-transferring (charge-transferring??) 
materials to lands and pits. 

Furthermore, the Examiner concludes that: 

. . .taking the teachings of Tominaga et al and Jung as a whole 
one of ordinary skill in the art would be motivated to combine 
the teachings of an optical data recording medium and the 
teachings of the recording and reproducing layer on the surface 
of the light incident surface for the benefit of an increase in data 
density and long archival capability 

Appellants do not disagree that at the time that the present invention was made an 
increase in data density and long archival capabilities were sought after goals in the art. 
However, Appellants respectfully submit that the simply is not any basis within the Examiner's 
justifications for his outstanding rejections upon which one of ordinary skill in the art at the time 
that the present invention was made would be lead to combine the teachings of Tominaga et al 
and Jung. In particular, in Tominaga et al the information is stored on the pitted light-incident 
surface of the substrate. In Jung, on the other hand, the information is stored in charged areas on 
the light-incident surface of the recording layer 5, the location in the structure of the reproducing 
layer of the present invention. However, the outer recording layer 5 of Jung defines areas of 
more or less transmittance distributed across the area of the outer surface of the layer 5 that are 
determined during recording by the charges generated in the charge generating layer. 
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In this way, the Jung reference provides the layer 5 with predetermined areas of varying 
transmittance, but this varying transmittance is permanent until the charged surface of the layer 5 
is discharged completely. Nothing in the Jung reference even remotely suggests or implies that 
the transmittance of the recording layer 5 is to vary in accordance with the intensity of the 
scanning reading light beam, heat or any other factor once it is established during the initial 
recording prior to the discharge of the entire outer surface of the recording layer 5. 

Accordingly, Appellants respectfully submit that there is no basis within the four corners 
of the Examiner's outstanding final rejections upon which one skilled in the art at the time that 
the present invention was made that would have cause a skilled artisan to substitute a pitted 
surface for the charge-generating layer 3 in Jung. In Jung the information is both stored on and 
read from the outer surface of the recording layer 5, not from the charge generating layer 3. In 
view of this as well as the Examiner's statements at Page 7, lines 11-15, of the currently 
outstanding Final Official Action, "However, Jung teaches the optical recording medium 
wherein the recording layer is the light-incident surface and the reproducing layer is stacked on 
the light incident surface . . . (Emphasis added), it appears to Appellants that the Examiner has 
not correctly understood the structure or operation of the Jung reference. Hence, for this reason 
as well Appellants respectfully submit that the currently outstanding Final Rejections should be 
withdrawn in response to this Appeal. 

In addition, Appellants respectfully submit that the Examiner's determination that the 
arrangement of elements herein claimed can be obtained by combining cited Tominaga, et al. and 
Jung references is in error for the reasons discussed below. 
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The Examiner has acknowledged that Tominaga discloses an optical information 
recording medium having pits to which light is incident from the substrate side (i.e., "Tominaga 
et al. fail to teach the pits are disposed on a light-incident surface thereof (the substrate) and the 
reproducing layer being provided so as to face said light-incident surface of said substrate. - 
Outstanding Final Action, Page 3, lines 6-9. "Tominaga et al. fail to teach substrate containing 
pits in a light-incident side thereof, a reproducing layer stacked on the light incident surface, of 
the substrate, in which the pits are provided and light beam irradiated on the reproducing layer 
and directed toward the light-incident side of said substrate." - Outstanding Final Official 
Action, Page 10, lines 2-5). On the other hand, the Jung reference discloses an optical data 
recording medium (see Figure 1) wherein in relevant part, the upper (outer) surface of the 
recording layer 5 is the light incident surface and the location whereat the information is stored. 
To the extent that there may be a reproducing layer in the Jung reference, it is provided to face 
the non-light-incident side of the light incident surface (it remains somewhat unclear to 
Appellants which portion of the Jung structure the Examiner is equating to the reproducing layer 
- is it the remainder of the recording layer 5 below its outer surface, is it the charge-generating 
layer 3, is it the reflective layer 2, or is it the substrate 1). 

Appellants respectfully submit, therefore, that despite the Examiner's protestations to the 
contrary, nothing in the either the Tominaga et al reference or the Jung reference discloses, 
teaches or suggests to one having the normal level of skill in the relevant art at the time that the 
present invention was made the potential possibility of replacing the change material structure of 
the Jung reference with lands and/or pits as herein disclosed and claimed, much less the 
utilization of recording mark lengths smaller than the resolution capacity of the reproducing 
optical system. 
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Instead, Appellants respectfully submit that the latter combination as proposed by the 
Examiner is an exercise in improper hindsight reasoning by the Examiner wherein he attempts to 
recreate the features of the claims of the present invention from isolated portions of the prior art 
guided by the teachings of the present specification. Also, in so doing, I appears to Appellants 
that the Examiner improperly has modified the mode of operation of the Jung reference 
improperly under the standards quoted above in order to reach the conclusions stated in the 
outstanding Final Official Action. 

The following discussion which views the Examiner's positions in this case from a 
slightly different perspective is believed to be instructive concerning the erroneous nature of the 
conclusions drawn by the Examiner in the currently outstanding Final Official Action.. Thus, it 
will be seen that the Examiner appears to assume that a conventional disc such as that described 
in (Example 1) of the present application would be recognized by one of ordinary skill in the art 
at the time that the present invention was made as corresponding to the arrangement disclosed in 
the cited Tominaga et al reference. If the Examiner's postulated position was correct, however, 
Appellants respectfully submit that the arrangements according to the independent claims of the 
present application theoretically could be obtained by applying the arrangement of Jung to a 
conventional disc, but only assuming that one could overcome the hindsight reasoning problem 
just mentioned. However * as will appear more fully below, the arrangements according to the 
independent claims of the present application cannot be so obtained, even if a person skilled in 
the art could properly apply the arrangement of the Jung reference as modified to utilize pits and 
lands to a conventional disc. The reasons for this are as follows: 
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In the actual manufacturing of a substrate, a person of ordinary skill in the art at the time 
that the present invention was made would form pits on the substrate according to the super- 
resolution property of a recording medium including the substrate. In the case of the 
conventional disc as referred to hereinabove, this would mean that pits having a relatively long 
pit length would be formed in accordance with Fig. 5 of the present application. As a concrete 
example of this, assume a setting condition requiring a C/N value of 40dB or higher. In such a 
case, a pit length for a conventional disc such as that just mentioned must be set to approximately 
0.2 |im or longer in accordance with Fig. 5 of the present application. Therefore, as shown and 
discussed in the present specification with respect to Fig. 5, this pit length is longer than the 
optical resolution limit of the associated optical system (i.e., approximately 0.16 |im). 

Even if the above-postulated modification of the Jung reference (i.e., a modified 
arrangement in which a recording medium has lands (or pits) on the light-incident surface of 
the substrate that Applicants do not believe is in any way disclosed, taught or suggested in any 
manner by the art herein relied upon by the Examiner) could or would be applied to a 
conventional disc having a pit length so determined, the fact remains that conventional arts 
would not teach, disclose or suggest that such arrangement would make it possible to maintain a 
high C/N value with a shorter pit length. Therefore, Appellants respectfully submit that a person 
of ordinary skill in the art at the time that the present invention was made would never set a pit 
length shorter than the optical resolution limit of the associated optical system, but rather that 
such an individual would set the pit length as described above with respect to the conventional 
thinking in the art at the time that the present invention was made directly contrary to the 
teachings of the present invention. It is Appellants' belief that the Examiner has not even 
attempted to deal with this issue in the currently outstanding Final Official Action. 
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A disc obtained in the foregoing manner, however, would not be one having, as is the 
case of Example 1 of the present application, a pit length shorter than the optical resolution limit 
of an associated optical system (i.e., in the case of a C/N value equal to or higher than 40dB, the 
pit length is approximately 0.14 (im or longer), but rather would be one having the same pit 
length and storage capacity as those of the conventional disc. Therefore, the arrangements 
according to the independent claims of the present application ("pits ... are shorter than a 
resolution limit . . .") could not be obtained by applying the arrangement of Jung to the 
conventional disc above. For these reasons, Applicants respectfully submit that their earlier 
traversal of the Examiner's currently outstanding rejections was fully and completely supported 
and that the Examiner's currently outstanding rejections/objections to the present application 
should be withdrawn in response to this submission. 

In the foregoing regard as well, Appellants respectfully submit that it should be 
understood that the arrangement of the present invention is not simply a matter of design choice 
arrived at on the basis of applying a mode in which reproducing light is incident from an 
opposite side, as with a Blue-ray Disc (BD) for example, based upon the well known fact that 
such a mode is capable of improving recording density. The reasons for this are discussed 
generally at the first full paragraph of Page 21 of the present specification and are further 
explained as follows: 

In a BD arrangement, the recording density is increased due to an increase in NA of the 
reproducing optical system, which increase in NA is achieved by providing only a short distance 
from a front side of a disc to an information recording layer (see the following Reference 
Example). 
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Reference Example 





Distance from front 
side of disc to 
information recording 
layer 


Reproducing light 
wavelength 


NA of reproducing 
optical system 


Recording 
capacity 


BD 


Approx. 100|im 


405 nm 


0.85 


25 GB 


HD-DVD 


Approx. 0.6nm 


405 nm 


0.65 


15 GB 



In other words, the only way to increase the recording density (capacity) of an optical 
information recording medium that does not have a super resolution property by the method of 
providing an arrangement like the BD, is to shorten the distance between the front side of the 
disc and the information recording layer, which as a result increases the NA of the reproducing 
apparatus. However, the conventional disc described in Example 1 of the present invention has a 
same distance from the front side of the disc to the information recording layer as that of the 
Example 1 disc. Of course, the NA of the reproducing optical system is in both cases is taken as 
being identically 0.65. 

Thus, the reason why the length of a pit that is reproducible by the Example 1 disc can be 
shortened is completely different from the above Reference Example, i.e., the case where the NA 
of the reproducing optical system is increased by shortening the distance from the front side of 
the disc to the information recording layer in an optical information recording medium that does 
not have a super resolution property. 
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More specifically, the reason why it is possible to shorten the length of the pit 
reproducible by the Example 1 disc is because of a unique effect attained by employing the super 
resolution property of the present invention, in particular by employing an arrangement of "pits 
which are shorter than a resolution limit of an optical system of a reproducing apparatus". 

Therefore, it is respectfully submitted to be unreasonable in the first place to refer to Jung 
(an optical information recording medium that does not have a super resolution property) or to 
combine Jung with Tominaga et al. This is because, as demonstrated above, it would at the time 
that the present invention was made have been extremely difficult for one of ordinary skill in the 
art by reference to Tominaga et al in view of Jung to arrive at the concept of improving recording 
density by employing the presently claim arrangement (i.e., an arrangement in which a 
reproducing layer is provided on a side of the substrate from which reproducing light is incident) 
and providing shorter pits to the substrate. 

Furthermore, Appellants respectfully submit that it would have been difficult for one of 
ordinary skill in the art at the time that the present invention was made to improve recording 
capacity without perceiving the difference between the conventional disc described in Example 1 
of the present application and the Example 1 disc - that is, the unique effect of the optical 
information recording medium that has the super resolution property. In addition, as one of 
ordinary skill in the art at the time that the present invention was made would have been aware, 
as compared with a conventional DVD or the like, it is extremely difficult with a BD to 
manufacture a substrate that is provided with pits which have lengths corresponding to the BD. 
This is because the cutting techniques required for forming the pits corresponding to the BD are 
fundamentally different from those associated with a DVD. 
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At the time that the present invention was made, conventional cutting devices were 
sufficient enough for the DVD's, however, the cutting of the pits that correspond to that of a BD 
was difficult to achieve by conventional cutting devices, even by the use of a laser having a 
shorter wavelength (e.g., deep UV). Therefore, there was no other choice but to use EB that 
requires vacuum processing and takes a long time, or to use a completely new technique (PTM) 
or the like. Hence, Appellants respectfully submit that it would have been extremely difficult at 
the time that the present invention was accomplished to obtain a substrate that was provided with 
pits for super resolution property verification which corresponded to optical system of BD. 
Accordingly, at the time that the present invention was made, verification of the super resolution 
property was generally carried out by causing reproducing light to be incident on an information 
recording layer via a substrate such as a DVD. 

Consequently, it will be understood that for those of ordinary skill in the art at the time 
that the present invention was made in a case where super resolution property was to be verified 
by a property verification method (corresponding to super resolution property verification for a 
conventional disc in the present application), a ROM substrate was prepared based on the result 
of the property verification. That is, when preparing a super resolution property disc having a 
BD arrangement based on the above result, a person skilled in the art could only conceive that 
higher N/A resulting from the BD arrangement would increase recording density, but could not 
expect that the BD arrangement would increase super resolution property. As a result, a person 
skilled in the art would have prepared a substrate based only on the super resolution property 
verified by the above property verification method, i.e., a substrate having long pit lengths that 
do not allow the substrate to fully take advantage of super resolution property yielded by the BD 
arrangement (a person skilled in the art did not know at the time that the present invention was 
made that the BD arrangement increases super resolution property and he therefore would keep 
long pit lengths since he would consider that short pit lengths would not allow the disc to 
reproduce information). 
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In other words, when preparing a disc having the BD arrangement based on the result of 
the above property verification method, a person skilled in the art at the time that the present 
invention was made would only have prepared a reproduction-only information storage medium 
having a low recording density. 

Accordingly, at the time of the accomplishment of the present invention, the super 
resolution property, in particular the improvement of recording density, was not known to be 
attainable by employing (i) an arrangement of "pits which are shorter than a resolution limit of 
an optical system of a reproducing apparatus", and (ii) an arrangement of providing a 
reproducing layer on a side of a substrate from which reproducing light is incident, and further 
the foregoing concepts were not something that could be easily arrived at.. 

The Examiner's own position taken in response to Applicants' argument that the 
currently outstanding obviousness rejections are based on improper hindsight reasoning is 
instructive in this respect. Thus, it will be seen that the Examiner has taken the position that "it 
must be recognized that any judgment on obviousness is in a sense necessarily a reconstruction 
based upon hindsight reasoning. But so long as it takes into account only knowledge which was 
within the level of ordinary skill in the art at the time that the claimed invention was made, and 
does not include knowledge gained only from the applicants' disclosure, such a reconstruction is 
proper (see In re McLaughlin, 443 F.2d 1392, 170 USPQ 209 (CCPA, 1971)". Appellants 
respectfully submit that the foregoing discussion clearly demonstrates that the erroneous bases of 
the Examiner's outstanding arguments have caused him under the standards acknowledged by 
him with approval to erroneously reject the claims of this application based upon an improper 
hindsight analysis. 
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IX. CONCLUSION 



Appellants respectfully submit that the foregoing remarks totally and definitively 
overcome the Examiner's currently outstanding rejections under 35 USC 103(a) as 
presented in the currently outstanding FINAL Official Action in the view of the facts and 
argument of record in the present prosecution. Consequently, Appellants respectfully 
submit that the instant invention is both novel and inventive over the art relied upon by 
the Examiner, and respectfully request a decision so holding on this Appeal. 

Finally, as mentioned above, although it is not believed that the present 
submission requires any further fee to secure its consideration by the Patent Office Board 
of Appeals and Interferences, the Examiner or other appropriate officer, of the United 
States Patent and Trademark Office, the undersigned hereby authorizes the charge of any 
such fee that may be deemed to be due, appropriate or otherwise required, or the credit of 
any overpayment, to the deposit account of the undersigned, Deposit Account 04-1105 . 



Respectfully submitted, 



Date: August 16, 2010 By: tt^^t/ / y^uudy^-z^ 

David A. Tucker (Reg. No. 27,840) 
EDWARDS ANGELL PALMER & 

DODGE, LLP 
P. O. Box 55874 
Boston, MA 02205 
Tel. (617) 517-5508 
Fax (617) 439-4170/7748 
(dtucker@eapdlaw. com) 
Customer No.: 21874 
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CLAIMS APPENDIX 



1. (Rejected) An optical data recording medium, in which irradiation of a 
light beam is used for reproducing recorded data, comprising: 

a substrate having pits disposed on a light incident surface thereof, corresponding 
to the recorded data, which are shorter than a resolution limit of an optical 
system of a reproducing apparatus which reproduces that optical data 
recording medium; and 

a reproducing layer for improving the resolution of optical signals from said pits 
and passing said improved resolution optical signals from said pits to said 
optical system of said reproducing apparatus in a form reproducible by 
said reproducing apparatus, the reproducing layer being provided so as to 
face said light-incident surface of said substrate. 



2. Cancel without prejudice. 



3. (Rejected) The optical data recording medium as set forth in Claim 1, wherein: 

the reproducing layer is made of a material whose transmittance changes in 
accordance with temperature. 

4. (Rejected) The optical data recording medium as set forth in Claim 1 wherein: 

at least a part of a light-incident surface of the reproducing layer is exposed to air. 
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5. (Rejected) The optical data recording medium as set forth in Claim 1 further 

comprising: 

a light absorption layer for converting an incident light beam directed toward said 
light incident surface of said substrate to heat, the light absorption layer 
being contiguous to the reproducing layer. 

6. (Rejected) The optical data recording medium as set forth in Claim 1 further 

comprising: 

a reflective layer for reflecting an incident light beam directed toward said light 
incident side of said substrate, the reflective layer being provided between 
said light incident side of said substrate and said reproducing layer. 

v 

7. (Rejected) The optical data recording medium as set forth in Claim 1 wherein: 

the reproducing layer is made of a metal oxide. 

8. (Rejected) The optical data recording medium as set forth in Claim 7, wherein: 

the reproducing layer is made of a zinc oxide. 

9. (Rejected) The optical data recording medium as set forth in Claim 5, wherein: 

the light absorption layer is made of one of silicon, germanium and an alloy of 
silicon and germanium. 
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10. (Rejected) An optical data recording medium, in which irradiation of a light 

beam is used for reproducing recorded data, comprising: 

a substrate having a light incident surface containing pits, corresponding to the 
recorded data, which are shorter than a resolution limit of an optical 
system which reproduces the optical data recording medium; 

a reproducing layer, stacked on the light incident surface of the substrate in which 
the pits are provided, the reproducing layer having a changeable 
transmittance with respect to an irradiated light beam irradiated on the 
reproducing layer and directed toward said light incident surface of said 
substrate, the changeable transmittance being changeable in accordance 
with an intensity distribution of the light beam irradiated on the 
reproducing layer; and 

a reflective surface, provided between the substrate and the reproducing layer, for 
reflecting a light beam that has passed through the reproducing layer. 



1 1 . (Rejected) The optical data recording medium as set forth in Claim 10, further 
comprising: 

a reflective layer provided between the substrate and the reproducing layer, and 
including the reflective surface. 



12. (Rejected) The optical data recording medium as set forth in Claim 10, further 
comprising: 

a light absorption layer, provided between the substrate and the reproducing layer, 
for converting, to heat, the light beam irradiated thereon. 
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13. (Rejected) The optical data recording medium as set forth in Claim 10, wherein: 

at least a part of that surface of the reproducing layer which is a reverse surface to 
the surface facing the substrate is exposed to air. 

14. Canceled without prejudice. 

15. Canceled without prejudice. 

16. Canceled without prejudice. 

17 (Rejected) A reproducing method of an optical data recording medium in which 
irradiation of a light beam is used for reproducing data recorded in the 
optical data recording medium, 
said optical data recording medium including: 

a substrate having a light incident surface containing pits, corresponding to 
recorded data, which are shorter than a resolution limit of an optical 
system of a reproducing apparatus which reproduces the optical data 
recording medium; and 
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a reproducing layer for improving the optical resolution of optical signals from 
said pits and passing said improved resolution optical signals to said 
optical system of said reproducing apparatus in a form reproducible by 
said reproducing apparatus, 

the reproducing layer being provided so as to face said light-incident 
surface of the substrate, 
said reproducing method comprising the step of: 

irradiating the light beam from above the reproducing layer to the light incident 
surface side of said substrate so as to reproduce the pits. 



18. (Rejected) A reproducing method of an optical data recording medium in which 
irradiation of a light beam is used for reproducing data recorded in the 
optical data recording medium, 
said optical data recording medium including: 

a substrate containing pits in a light incident side thereof, corresponding to the 
recorded data, which are shorter than a resolution limit of an optical 
system of a reproducing apparatus which reproduces the optical data 
recording medium; 
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a reproducing layer stacked on the light incident surface of the substrate in which 
the pits are provided, the reproducing layer having a changeable 
transmittance with respect to an irradiated light beam irradiated on the 
reproducing layer and directed toward said light incident side of said 
substrate, the changeable transmittance being changeable in accordance 
with an intensity distribution of the light beam irradiated on the 
reproducing layer; and 

a reflective surface, provided between the substrate and the reproducing layer for 
reflecting a light beam that has passed through the reproducing layer, 

said reproducing method comprising the step of: 

reproducing said recorded data by irradiating a light beam onto said optical data 
recording medium from above the reproducing layer. 
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RELATED PROCEEDINGS APPENDIX 



Not Applicable 
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ABSTRACT 



An optical information medium has on a substrate (2) with 
information-carrying pits (21), a light transmittance control 
layer (3) including a lower dielectric layer (31), a mask layer 
(32) and an upper dielectric layer (33). The mask layer has 
an original state before irradiation of reading light. Upon 
irradiation of a reading light beam to define a beam spot, the 
mask layer undergoes a crystal-to-crystal transition in a 
region (H) of the beam spot depending on the intensity 
distribution of the beam spot. Multiple reflection condition 
changes in the transition portion so that the beam spot 
contributing to read-out is limited to the transition or tran- 
sition-free region (H or L). The transition temperature is in 
the range of 200° to 450° C. The mask layer returns to the 
original state after passage of the beam spot The invention 
is also applicable to an optical recording medium having a 
recording layer above or below the transmittance control 
layer. 

14 Claims, 5 Drawing Sheets 






RELATIVE MOTION DIRECTION 
OF READING LIGHT 



U.S. Patent 



Oct. 29, 1996 



Sheet 1 of 5 



5,569,517 



FIG. 1 




RELATIVE MOTION DIRECTION 
OF READING LIGHT 



U.S. Patent oct.29, 1996 sheet 2 of 5 5,569,517 



FIG. 2 




RELATIVE MOTION DIRECTION 
OF READING LIGHT 



U.S. Patent 



Oct. 29, 1996 



Sheet 3 of 5 



FIG.3 




22 



® 

RELATIVE MOTION DIRECTION OF 
RECORDING AND READING LIGHT 



U.S. Patent 



Oct 29, 1996 Sheet 4 of 5 



5,569,517 



FIG. 4 




READING LIGHT POWER (mW) 
LINEAR VELOCITY 

0.4m/s 0.6m/s -a- 1.4m/s 



U.S. Patent 



Oct. 29, 1996 



Sheet 5 of 5 



5,569,517 



FIG. 5 




5,569,517 



OPTICAL INFORMATION MEDIUM 

TECHNICAL FIELD 

This invention relates to an optical information medium 
having a high recording density. 

BACKGROUND ART 

Optical information media include read only optical discs 
as typified by compact discs, erasable optical recording discs 
such as magneto-optical recording discs and phase change 
type recording discs, and write-once optical recording discs 
using organic dyes as the recording material. 

In general, optical information media have a high infor- 
mation density as compared with magnetic recording media. 
It is now required to further increase the information density 
for processing a very large quantity of information as in 
picture processing. Information density per unit area can be 
increased in two ways, by reducing a track pitch and by 
reducing the distance between record marks or phase pits for 
achieving an increased linear density. However, as the track 
density or linear density is increased relative to a beam spot 
of reading light, C/N of read signals becomes poor and 
eventually signal read-out becomes impossible. Resolution 
upon signal read-out is determined by the diameter of a 
beam spot. More particularly, when signals are read out 
through an optical system having an objective lens with a 
numerical aperture NA using reading light having a wave- 
length 1, a spatial frequency 2NA/1 becomes a limit of 
read-out Therefore, for improving the C/N and resolution of 
read signals, it is effective to reduce the wavelength of 
reading light and to increase NA. Many research works have 
been carried out in this regard, but there still remain many 
technical problems to be solved. 

JP-A 96926/1990 or U.S. Pat. No. 5,153,873 proposes a 
recording carrier having a layer of non-linear optical mate^ 
rial for achieving super-resolution. This non-linear optical 
material changes its optical properties by incident radiation. 
Such changes include changes of transmittance, reflectance, 
and refractive index as well as deformation of the layer. 
When a high intensity beam is irradiated to the information- 
carrying surface through the non-linear optical material 
layer, smaller areas of the object can be read out by these 
optical changes. 

The above-cited patent reference discloses a bleaching 
layer as one example of the non-linear optical material layer. 
The bleaching layer increases transmittance with the 
increasing intensity of incident radiation. Exemplary mate- 
rials used in the bleaching layer are gallium arsenide, indium 
arsenide and indium antimony. However, since the layer of 
such non-linear optical material requires the absorption 
center to be entirely excited, reading light must have a high 
energy density, imposing difficulty to material and medium 
design. 

The above-cited patent reference also discloses use of a 
phase change material as the non-linear optical material. 
Exemplary phase change materials are GaSb and InSb. The 
patent reference describes: "It has been found that the 
complex refractive index of this type of material is tempera- 
ture dependent to such an extent that, even in the case of 
irradiation with an intensity remaining below the level at 
which the conversion from amorphous to crystalline or 
conversely occurs, there is a sufficiently large variation of 
the complex refractive index to enable layers of these 65 
materials to be used as non-linear layers in the sense of the 
present invention." Although the reason why such a change 
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of complex refractive index occurs is not described in the 
patent reference, it is presumed that this change of complex 
refractive index involves a crystal-to-crystal transition of the 
non-linear optical material layer. In this case, since. there is 
no need to melt the non-linear optical material, reading light 
of low power can be used. However, GaSb has a crystal- 
to-crystal transition temperature at a low temperature of 
about 30° C. or a high temperature of about 590° C. and InSb 
has a crystal-to-crystal transition temperature at a low tem- 
perature of about 150° C. or a high temperature of about 
500° C. When the higher transition temperature of these 
phase change materials is utilized, reading light of high 
power must be used, giving rise to problems as mentioned 
above. On the other hand, when the lower transition tem- 
perature of these phase change materials is utilized, reading 
light of low power can be used. However, stable read-out is 
substantially impossible with GaSb because the transition 
temperature is extremely low. Problems also arise with InSb. 
Since the transition temperature is relatively low, the non- 
linear optical material layer is slow in cooling rate. Heat 
accumulates in the proximity of a mask layer to enlarge the 
apparent diameter of a beam spot, adversely affecting super- 
resolution read-out, 

JP-A 89511/1993, 109117/1993, and 109119/1993 dis- 
close an optical disc comprising a transparent substrate 
having formed therein phase pits which can be optically read 
out and a material layer thereon which changes its reflec- 
tance with temperature. This material layer is provided for 
achieving higher resolution beyond the limit determined by 
the reading light wavelength 1 and objective lens numerical 
aperture NA through approximately the same function as the 
non-linear optical material layer of JP-A 96926/1990. How- 
ever, this material layer requires reading light of higher 
power because a crystal-to-liquid or amorphous-to-liquid 
change is necessary for read-out. 



SUMMARY OF THE INVENTION 

Therefore an object of the present invention is to provide 
an optical information medium from which high density 
information can be read out using reading light of low power 
in a stable manner without resorting to the conventional 
means of reducing the wavelength of reading light or 
increasing the numerical aperture of an objective lens in 
optical read system. 

According to a first aspect of the present invention, there 
is provided an optical information medium comprising a 
substrate having pits formed on one surface for carrying 
information. A light transmittance control layer including a 
lower dielectric layer, a mask layer and an upper dielectric 
layer is disposed on the substrate surface. The mask layer 
has an original state before irradiation of reading light. The 
mask layer undergoes a crystal-to-crystal transition upon 
irradiation of reading light to introduce a change in the 
reflectance of reading light. The crystal-to-crystal transition 
takes place at a temperature of 200° to 450° C. The mask 
layer returns to the original state after irradiation of reading 
light. Preferably the medium further includes a reflecting 
layer above or below the light transmittance control layer. 

According to a second aspect of the present invention, 
there is provided an optical information medium comprising 
a substrate, a light transmittance control layer on a surface 
of the substrate including a lower dielectric layer, a mask 
layer and an upper dielectric layer, and a recording layer 
above or below the light transmittance control layer. The 
mask layer has an original state before irradiation of reading 
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light. The mask layer undergoes a crystal-to-crystal transi- 
tion upon irradiation of reading light to introduce a change 
in the reflectance of reading light. The crystal-to-crystal 
transition takes place at a temperature of 200° to 450° C. The 
mask layer returns to the original state after irradiation of 
reading light. Preferably the medium further includes a 
reflecting layer. The recording layer is interposed between 
the light transmittance control layer and the reflecting layer. 
Alternatively, the light transmittance control layer is inter- 
posed between the recording layer and the reflecting layer. 

The recording layer may be either of phase change type or 
of magneto-optical type whereby the optical information 
medium constitutes an optical recording medium. 

In both the first and second embodiments, the mask layer 
preferably contains silver (Ag) and zinc (Zn) as main 
components. 

In another preferred embodiment, the mask layer contains 
tellurium (Te) and germanium (Ge) as main components. 

In a further preferred embodiment, the mask layer con- 
tains elements A, B, and C wherein A is silver (Ag) and/or 
gold (Au), B is antimony (Sb) and/or bismuth (Bi), and C is 
tellurium (Te) and/or selenium (Se). The mask layer may 
further contain indium (In). The mask layer may further 
contain at least one element M selected from the group 
consisting of Ti, Zr, Hf, V, Nb, Ta, Mn, W, and Mo. 

Further preferably in both the first and second embodi- 
ments, the mask layer has an original volume before irra- 
diation of reading light, the mask layer changes its volume 
as a result of the crystal-to-crystal transition of the mask 
layer upon irradiation of reading light, and the mask layer 
returns to the original volume after irradiation of reading 
light. 



ADVANTAGES 

Information is read out from the optical information 
medium of the invention by directing reading light to the 
mask layer to define a beam spot whereupon the diameter of 
the beam spot which contributes to read-out is reduced, 
thereby increasing resolution of read-out. Since the mask 
layer is formed of a material which undergoes a crystal-to- 
crystal transition below a predetermined temperature 
(450°C), reading light of low power can be used. Then less 
burden is imposed on the components of the medium, which 
ensures a higher degree of freedom in selecting a material 
for the respective components and better repetition durabil- 
ity for the medium. Since the mask layer material undergoes 
a crystal-to-crystal transition above a predetermined tem- 
perature (200°C), stable read-out is ensured. Since the mask 
layer undergoes crystal-to-crystal transition by being heated 
by reading light, the benefits of the invention little depend on 
the wavelength of reading light. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the invention will be better understood from the following 
description taken in conjunction with the accompanying 
drawings. 

FIG. 1 is a schematic circumferential cross- sectional view 
of a portion of an optical information medium according to 
a first embodiment of the invention. 

FIG. 2 is a view of the optical information medium of 
FIG. 1 having a reflecting layer. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



FIG. 3 is a schematic radial cross-sectional view of a 
portion of an optical information medium according to a 
second embodiment of the invention. 

FIG. .4 is a graph showing the C/N ratio of an optical 
information medium relative to the power of reading light. 

FIG. 5 is a graph showing the reflectance of a medium 
relative to the temperature of the mask layer. 

FIG. 6 is a graph showing the transmittance of a medium 
relative to the temperature of the mask layer. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring to FIG. 1, there is schematically illustrated a 
portion of an optical information medium according to the 
first embodiment of the invention. The optical information 
medium generally designated at 1 is a read-only optical 
information medium and includes a substrate 2 having pits 
21 formed on one surface for carrying information. A light 
transmittance control layer 3 is disposed on the substrate 
surface. The light transmittance control layer 3 includes a 
lower dielectric layer 31, a mask layer 32, and an upper 
dielectric layer 33 from the bottom in the described order. A 
protective layer 10 is disposed on the light transmittance 
control layer 3. The lower dielectric layer 31 is in contact 
with the substrate 2 and the upper dielectric layer 33 is in 
contact with the protective layer 10. 

Referring to FIG. 2, there is schematically illustrated a 
portion of another optical information medium according to 
the first embodiment of the invention. This read-only optical 
information medium 1 has the same construction as FIG. 1 
except that a reflective layer 4 is interposed between the light 
transmittance control layer 3 and the protective layer 10. 

In the optical information medium of the construction 
illustrated in FIG. 1, reading light may be irradiated to the 
medium either through the substrate 2 or from the upper 
dielectric layer 33 side as shown by an upward or downward 
arrow. In the optical information medium of the construction 
illustrated in FIG. 2, reading light is irradiated to the medium 
through the substrate 2 as shown by an upward arrow. It is 
understood that the embodiment of FIG. 2 may be modified 
such that the reflecting layer 4 is interposed between the 
light transmittance control layer 3 and the substrate 2, and 
then reading light is irradiated from the upper dielectric 
layer 33 side. 

Where reading light is irradiated through the substrate, the 
substrate should be formed of a material which is substan- 
tially transparent to the reading light, for example, resins and 
glass. Resins are preferred for ease of handling and low cost. 
Useful resins include acrylic resins, polycarbonate resins, 
epoxy resins, and polyolefin resins. The pits formed on the 
substrate surface may be ridges or recesses (more generally, 
of convex or concave configuration) allowing information to 
be read out by utilizing a phase difference. The shape and 
size of the substrate are not critical although it is generally 
of disc shape and has a diameter of about 50 to about 360 
mm and a thickness of about 0.2 to about 3 mm. The 
substrate may be provided on the surface with grooves or the 
like for tracking and addressing purposes. 

Normally the mask layer has a certain crystalline state, 
often referred to as an original state, before irradiation of 
reading light. 

The reading light to be irradiated to the optical informa-. 
tion medium 1 is typically a laser beam which is focused on 
nearly the mask layer 32. Then the reading light or laser 
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beam defines a beam spot having an approximately Gaussian 
intensity profile in a plane of the mask layer. More specifi- 
cally, the beam spot of reading light has such an intensity 
profile that intensity declines from near the center toward the 
periphery. Then, by using reading light of an appropriate 
power, the mask layer can be partially heated only near the 
center of the beam spot to a temperature necessary for a 
crystal-to-crystal transition to occur. It is understood in this 
regard that since the beam spot of reading light is moving 
relative to the optical information medium 1 as shown by a 
horizontal arrow in FIG. 1, the region of the higher tem- 
perature is generally the region that is retained within the 
beam spot for the longer time. In the embodiments shown in 
FIGS. 1 and 2, the focused beam spot of reading light has a 
diameter f 0 , the region of the mask layer 32 which has 
undergone a crystal-to-crystal transition is designated at H, 
and the region of the mask layer 32 which is within the beam 
spot, but remains below the transition temperature is desig- 
nated at L. 

Since a crystal-to-crystal transition causes the mask layer 
to change its complex part of refractive index and also its 
real part of refractive index, multiple reflection conditions 
change in the transition region. By properly selecting the 
composition of the mask layer, and the thickness and refrac- 
tive indices of respective layers of the light transmittance 
control layer, the reflectance of reading light can be either 
increased or decreased in the region H. Where the reflec- 
tance of reading light is increased in the region H in the 
medium shown in FIG. 1 or where the reflectance of reading 
light is decreased in the region H in the medium shown in 
FIG. 2, the resolution of read-out is almost the same as in the 
situation where a beam spot having an area corresponding to 
the region H is irradiated for read-out. This means that since 
the mask layer serves to reduce the beam spot, resolution can 
be increased without reducing the wavelength of reading 
light or increasing the numerical aperture of an objective 
lens in optical read-out system. Where the reflectance of 
reading light is decreased in the region H in the medium 
shown in FIG. 1 or where the reflectance of reading light is 
increased in the region H in the medium shown in FIG. 2, the 
resolution of read-out is almost the same as in the situation 
where a beam spot having an area corresponding to the 
region L is irradiated for read-out, also achieving high 
resolution. 

After the beam spot of reading light has passed over, the 45 
mask layer cools down and returns to the original state, that 
is, the crystalline phase that the mask layer had before 
irradiation of reading light. Then the complex part of refrac- 
tive index and real part of refractive index also return to their 
original values (or values before irradiation of reading light). 
After passage of the beam spot, the reflectance of the mask 
layer to reading light quickly comes back to the original 
level. This minimizes the crosstalk noise between adjacent 
pits. 

According to the present invention, the mask layer under- 55 
goes a crystal-to-crystal transition at a temperature in the 
range of 200° to 450° C., preferably 200° to 400° C. If the 
transition temperature is below 200° C, the mask layer has 
a slower cooling rate to allow heat, to accumulate in the 
upper and lower dielectric layers. As a result, the apparent 60 
diameter of a beam spot becomes larger, which is disadvan- 
tageous for super-resolution read-out If the transition tem- 
perature is above 450° C., reading light of higher power is 
necessary. It is noted that the mask layer may have two or 
more crystal-to-crystal transition temperatures as long as the 65 
transition temperature at which the above-mentioned effect 
is derived is available within the above-defined range. 
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In one preferred embodiment wherein the mask layer has 
an original volume before irradiation of reading light, the 
mask layer changes its volume as a result of the crystal-to- 
crystal transition mentioned above. The mask layer substan- 
tially returns to the original volume after irradiation of 
reading light. Such a volume change taking place in the 
crystal-to-crystal transition region leads to a larger change of 
reflectance of reading light and hence, a higher C/N ratio. It 
is noted that this volume change may be either a volume 
increase or a volume decrease. 

Although the optimum thickness of the mask layer varies 
with a particular material, it is preferably about 3 to about 
100 nm thick, more preferably about 5 to about 50 nm thick. 
A too thin mask layer would be insufficient for masking 
purpose whereas a too thick mask layer would cause a drop 
of light transmittance which will reduce the quantity of 
read-out signal returned, resulting in a drop of C/N ratio. 

The mask layer is formed of a material which can undergo 
crystal-to-crystal transition. Preferably it contains silver 
(Ag) and zinc (Zn) as main components; or tellurium (Te) 
and germanium (Ge) as main components; or elements A, B, 
and C wherein A is silver (Ag) and/or gold (Au), B is 
antimony (Sb) and/or bismuth (Bi), and C is tellurium (Te) 
and/or selenium (Se). 

In the embodiment wherein the mask layer contains silver 
(Ag) and zinc (Zn) as main components, p-£ transition is 
utilized. The ratio Zn/(Ag+Zn) is preferably 40 to 60 at%, 
more preferably 45 to 50 at%. With higher or lower Zn 
ratios, the transition temperature would not fall in the 
above-defined range. As long as a transition temperature is 
available within the above-defined range, compositions 
wherein at least one of Cu and Au substitutes for at least part 
of silver and compositions wherein Cd substitutes for at least 
part of zinc, for example, Ag — Cd are also acceptable. 

In the embodiment wherein the mask layer contains 
tellurium (Te) and germanium (Ge) as main components, the 
ratio Ge/(Te+Ge) is preferably 20 to 60 at%, more preferably 
40 to 50 at%. With higher or lower Ge ratios, the transition 
temperature would not fall in the above-defined range. 
Substitution of Se for part of Te and substitution of at least 
one of Si and Bi for part of Ge are acceptable insofar as the 
degree of substitution is below 50 at %. 

In the embodiment wherein the mask layer contains 
elements A, B, and C as defined above, there are generally 
present an ABC^ phase such as AgSbTea phase and a B 
phase such as Sb phase. Preferably the mask layer further 
contains indium. Indium bonds with C and is present as an 
In-C phase, typically In-Te phase. Hie In-C phase contains 
In and C substantially in a ratio of 1 : 1 . All the ABC 2 , B, and 
In-C phases are crystalline. The presence of respective 
phases is ascertainable by observation under a transmission 
electron microscope and electron probe microanalysis 
(EPMA). The mask layer may further contain at least one 
element M selected from the group consisting of Ti, Zr, Hf, 
V, Nb, Ta, Fin, W, Mo, Si, and Sn. Element M is effective for 
improving stability in repetitive read-out, that is, reliability. 
Among these, vanadium and titanium, especially vanadium 
are more effective for improving reliability. Preferably at 
least one of vanadium and titanium, especially vanadium 
occupies 80 at % or more of the entire elements M, most 
preferably 100 at %. Besides, inclusion of copper, nickel, 
zinc, iron, oxygen, nitrogen, and carbon as trace impurities 
is acceptable although the total content of these impurities 
should preferably be less than 0.05 at % of the mask layer. 

It is believed that in the mask layer containing elements 
A, B, and C, a crystal-to-crystal transition occurs as a change 
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of balance between ABC 2 and B phases. It was empirically 
found in X-ray diffractometry that in excess of the transition 
temperature (about 320°C), the peak of ABC^ phase 
increased its intensity while the peak intensity of B phase 
became low. The reason is that the B phase is accommodated 5 
by the ABC 2 phase because the ABC 2 phase is more stable 
than the B phase. 
This mask layer can be represented by the formula: 

A a B fc C c In rf M, J0 

wherein A is silver and/or gold, B is antimony and/or 
bismuth, C is tellurium and/or selenium, In is indium, M is 
at least one of Ti, Zr, Hf, V, Nb, Ta, Mn, W, and Mo, and 
letters a, b, c, d, and e representing atomic ratios of the 
associated elements are in the range: 3.0^a^l3.0, 15 
45.0^b^87.0, 8.0^c^34.0, 2.0^d^8.0, and 0^e^5.0, 
preferably in the range: 6.0ia^l0.0, 50^b^65, 15^c 
^32, 3.0^d^6.0, and 0^e^3.0, provided a+b+c+d 
+e=100. If any of a to e is outside the range, no crystal-to- 
crystal transition would occur or the mask layer would 20 
slowly return to the original state, restraining super-resolu- 
tion read-out. Silver is preferred as element A. Preferably at 
least 56 at %, more preferably at least 80 at % of element A 
is silver. Most preferably silver is solely used as element A. 
If a Au percentage in element A is too high, growth of ABC2 25 
phase at about the transition temperature would be inhibited, 
resulting in a smaller change of refractive index. Antimony 
is preferred as element B. Preferably at least 50 at %, more 
preferably at least 80 at % of element B is antimony. Most 
preferably antimony is solely used as element B. Tellurium 30 
is preferred as element C. Preferably at least 50 at %, more 
preferably at least 80 at % of element C is tellurium. Most 
preferably tellurium is solely used as element C. If a Se 
percentage in element C is too high, an ASeC 2 phase would 
grow to inhibit growth of an ASbC 2 phase. 35 

Any desired method like sputtering and evaporation may 
be used in forming the mask layer. 

The mask layer 32 is sandwiched between the lower and 
upper dielectric layers 31 and 33. This sandwich structure 
not only permits the mask layer which has changed its 40 
volume upon irradiation of reading light to quickly return to 
the original volume, but also prevents the mask layer from 
any structural change such as segregation and element 
diffusion during repetitive read-out. Since the mask layer 32 
is heated to a somewhat high temperature during read-out, 45 
the substrate 2 and protective layer 10 which are formed of 
less heat resistant resins can be thermally deformed. The 
lower and upper dielectric layers 31 and 33 are also effective 
for preventing such thermal deformation by their elastic 
recovery. The material of which the dielectric layers are 50 
formed is not critical. Exemplary dielectric materials include 
Si0 2 , mixtures of Si0 2 and ZnS, materials containing La, Si, 
O and N known as LaSiON, materials containing Si, Al, O 
and N known as SiAlON, SiAlON further containing y, and 
NdSiON. The dielectric layers may have any desired thick- 55 
ness as long as the above-mentioned effects are fully 
exerted. In general, the lower dielectric layer is about 10 to 
about 250 nm thick and the upper dielectric layer is about 10 
to about 250 nm thick. The dielectric layers are preferably 
formed by gas phase deposition methods such as sputtering 60 
and evaporation. 

The reflecting layer 4 is provided for the purpose of 
increasing the quantity of reflected light from the medium. 
Any desirable material may be used to form the reflecting 
layer. Preferred are high reflectance metals such as Al, Au, 65 
Ag, Pt, Cu alone or alloys containing at least one of these . 
elements. The reflecting layer is preferably about 30 to about 
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150 nm thick. A too thin reflecting layer would fail to 
provide sufficient reflectance whereas increasing the thick- 
ness of the reflecting layer beyond necessity would achieve 
a slight improvement in reflectance at the expense of cost. 
The reflecting layer is preferably formed by gas phase 
deposition methods such as sputtering and evaporation. 

The protective layer 10 is provided for the purpose of 
improving scratch and corrosion resistance. It is preferably 
formed of organic materials, more preferably radiation- 
curable compounds and compositions containing the same, 
which are cured by exposure to radiation, typically electron 
radiation and ultraviolet radiation. The protective layer is 
generally about 0.1 to about 100 urn thick. It may be formed 
by any desirable one of conventional coating methods 
including spin coating, gravure coating, spray coating, and 
dipping. 

The present invention is also applicable to optical record- 
ing media. The optical recording medium is obtained by 
providing a recording layer above or below the light trans- 
mittance control layer of the read only optical information 
medium thus far described. Where the medium includes a 
reflecting layer, the recording layer is interposed between 
the light transmittance control layer and the reflecting layer. 
Alternatively, the light transmittance control layer is inter- 
posed between the recording layer and the reflecting layer. 
In the former, if desired, a dielectric layer may be formed 
between the reflecting layer and the recording layer for the 
purpose of protecting the recording layer and controlling 
heat release. The substrate of the optical recording medium 
may be provided with pits for carrying read only information 
in addition to grooves. 

One exemplary structure of the optical recording medium 
is shown in FIG. 3 as including a substrate 2 having grooves 
22, a light transmittance control layer 3 (including a lower 
dielectric layer 31, a mask layer 32, and an upper dielectric 
layer 33), a recording layer 5, a dielectric layer 6, a reflecting 
layer 4, and a protective layer 10 stacked in the described 
order from below. It is to be noted that since FIG. 3 is a radial 
cross section of the medium (typically disc), the direction of 
relative motion of writing and reading light is perpendicular 
to the plane of paper of this figure. 

When reading light is directed to the recording layer from 
the light transmittance control layer side, the light beam 
reaches the recording layer after die beam spot is reduced 
through the region H or L of the mask layer as in the case 
of the read only optical information medium mentioned 
above. This ensures high resolution upon read-out. When 
reading light enters the medium from the recording layer 
side, the light beam having passed through the recording 
layer is selectively transmitted or reflected by the region H 
or L of the mask layer so that the reflected light with a 
reduced beam diameter is available from the medium, also 
achieving high resolution. 

Since high resolution is achieved by the above-mentioned 
mechanism during read-out of the optical recording 
medium, the benefit of the invention does not depend on the 
construction of the recording layer. Therefore, the present 
invention is applicable to magneto-optical recording media 
having a magneto-optical recording layer of rare earth 
element-transition metal element alloys, optical recording 
media having a phase change type recording layer utilizing 
an amorphous-crystalline phase change of Sb 2 Se3, etc., and 
optical recording media having a write-once recording layer 
using organic dyes such as cyanine dyes as the recording 
material. In the case of optical recording media having a 
phase change type recording layer, the recording layer may 
be made of the same composition as the above-mentioned 
mask layer material. 
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In some media requiring recording light of high power, 
there is a possibility that the mask layer be melted by 
irradiation of that recording light and become amorphous 
after recording. In such a case, the mask layer is preferably 
initialized (i.e., crystallized) before the start of read-out. 5 

The power of reading light irradiated to the optical 
information medium of the invention may be determined 
without undue experimentation. Usually die reading light 
power ? R is about 1 to about 10 mW although it varies with 
the construction of the medium and the linear velocity of the 10 
beam spot of reading light relative to the medium. Advan- 
tageously read-out with a power of less than about 5 m W is 
possible. The linear velocity of the beam spot of reading 
light relative to the medium is generally about 1 to about 10 
m/s while it may be suitably , determined so as to enable 15 
read-out through the above-mentioned mechanism. 

Although the invention is described in conjunction with a 
one-side medium having the information carrying or record- 
ing means only on one surface of a substrate, the invention 
is also applicable to a double-sided medium of one type in 20 
which a pair of one-side media are joined such that the 
information carrying or recording means are sealingly 
located inside or another type in which information carrying 
or recording means are provided on both sides of a substrate. 

25 

EXAMPLE 

Examples of the present invention are given below by 
way of illustration and not by way of limitation. 
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An optical recording disc sample was fabricated by injec- 
tion molding a disc-shaped substrate having a diameter of 
130 mm and a thickness of 1.2 mm from polycarbonate 
while grooves were simultaneously formed in one surface 35 
thereof. On the grooved substrate surface, a lower dielectric 
layer of ZnS — Si0 2 having a thickness of 130 run, a mask 
layer, an upper dielectric layer of ZnS — Si0 2 having a 
thickness of 180 rim, a phase change recording layer, an 
uppermost dielectric layer of ZnS — Si0 2 having a thickness 40 
of 20 nm, a reflecting layer of gold having a thickness of 100 
nm, and a protective layer of ultraviolet-cured resin having 
a thickness of 5 um were sequentially formed in the 
described order. 

The dielectric layers and reflecting layer were formed by 45 
sputtering. Each dielectric layer contained ZnS and Si0 2 in 
a molar ratio of 0.85:0.15. The ZnS— Si0 2 had a refractive 
index of 2.3 at wavelength 780 nm. 

The mask layer was 30 nm thick and the recording layer 5Q 
was 20 nm thick. They were formed by sputtering. The mask 
layer had a composition in atom ratio: Ag 9 Sb 55 Te 30 In 5 V 1 . 
The recording layer had the same composition as the mask 
layer. The target used in sputtering was an antimony target 
having chips of Ag, In, Te, and V attached thereto. 55 

While the disc sample was rotated at a linear velocity of 
2.8 m/s, laser light having a power of 9.0 mW and a 
wavelength of 780 nm was irradiated to the disc for initial- 
izing (or crystallizing) the recording and mask layers. Then 
signals of 4 MHz were recorded using writing laser light go 
having a power ? w of 15 mW and a wavelength of 780 nm. 
As a result of recording, the recorded portion was reduced 
in reflectance. 

Next, the portion of the mask layer which had been 
partially amorphous as a result of irradiation of writing light 65 
was initialized (i.e., crystallized). Initialization of the mask 
layer was to erase recorded signals which had been left in the 



mask layer after recording. The power of laser light neces- 
sary for initialization depended on the linear velocity of the 
disc sample. Specifically, the power for initialization was 3 
mW for a linear velocity of 2.8 m/s, 2.5 to 3 mW for a linear 
velocity of 1.4 m/s, and 2 mW for a linear velocity of 1 m/s 
or less. 

While rotating the initialized disc sample at a linear 
velocity of 0.4, 0.6 and 1 .4 m/s, reading laser light of 780 nm 
in wavelength was irradiated to the disc sample. A C/N ratio 
of read signals was measured while varying the power of 
reading laser light P*. Hie results are plotted in FIG. 4. The 
power of reading light necessary for read-out was about 
twice the power necessary for initialization. Differential 
thermal analysis showed that the mask layer had a crystal- 
lization temperature of 175° C, a melting point of 525° C, 
and a crystal-to-crystal transition temperature of about 320° 
C. This suggested that the mask layer was not melted upon 
irradiation of reading light, and a crystal-to-crystal transition 
occurring in the mask layer enabled super-resolution read- 
out. 

The complex refractive index (r^-iko) of the mask layer 
at a wavelength of 780 nm was measured at room tempera- 
ture and 320° C. To this end, the mask layer was singly 
formed on a glass substrate and measured for a coefficient of 
spectral transmission at that wavelength. The results were: 
110=6.2 and 1^=3.2 at room temperature and ^=2.3 and 
ko=2.5 at 320° C. Thus a reduction of Hq by a crystal-to- 
crystal transition of the mask layer was Ano=3.9 and a 
similar reduction of Icq was Ako=0.7. It is believed from the 
construction of the disc sample, Ar^, Akg, and C/N ratio 
reported above that the mask layer had increased its volume 
as a result of a crystal-to-crystal transition. 

Example 2 

An optical information medium sample was fabricated as 
in Example 1 by forming on a substrate in the form of a slide 
glass of 1.2 mm thick, a lower dielectric layer of 170 nm 
thick, a mask layer, an upper dielectric layer of 17 nm thick, 
and a reflecting layer of 100 nm thick in the described order. 
The dielectric layers, mask layer, and reflecting layer had the 
same compositions as in Example 1 . 

The sample was heated to examine the reflectance of the 
sample at a wavelength of 780 nm relative to the temperature 
of the mask layer. The reflectance vs. temperature curve is 
shown in FIG. 5. A sudden increase of reflectance appears at 
a temperature slightly lower than 200° C. in FIG. 5, which 
is attributable to crystallization of the mask layer. The 
reflectance declines as the temperature rises from slightly 
below 300° C, which is attributable to a crystal-to-crystal 
transition of the mask layer. 

Example 3 

An optical information medium sample was fabricated as 
in Example 2 by forming on a substrate in the form of a slide 
glass of 1.2 mm thick, a lower dielectric layer of 170 nm 
thick, a mask layer, and an upper dielectric layer of 170 nm 
thick in the described order. The dielectric layers and mask 
layer had the same compositions as in Example 2. 

The sample was heated to examine the transmittance of 
the sample at a wavelength of 780 nm relative to the 
temperature of the mask layer. The transmittance vs. tem- 
perature curve is shown in FIG. 6. A sudden drop of 
transmittance appears at a temperature slightly lower than 
200° C. in FIG. 6, which is attributable to crystallization of 
the mask layer. The transmittance increases as the tempera- 
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ture rises from slightly below 300° C, which is attributable 
to a crystal-to-crystal transition of the mask layer. 

Both the reflectance and transmittance curves of FIGS. 5 
and 6 showed moderate changes with a temperature rise 
probably because the samples were heated at a low rate. The 5 
temperature at which such a change started was different 
between FIGS. 5 and 6 probably because the samples were 
heated at different rates. The heating rate was 200° CVhour 
in FIG. 5 and 400° C/hour in FIG. 6. 

Equivalent results were observed when the mask layer 10 
was formed of Ag 52 5 Zn 47 5 having a crystal-to-crystal tran- 
sition temperature of 280° C. and Te 506 Ge 49 4 having a 
crystal-to-crystal transition temperature of 360° C. 

The effectiveness of the present invention is evident from J5 
the results of Examples. 

Japanese Patent Application No. 164577/1994 is incor- 
porated herein by reference. 

While the invention has been described in connection 
with what is presently considered to be the most practical 20 
and preferred embodiment, it will be understood that the 
invention is not to be limited to the disclosed embodiment, 
but on the contrary, is intended to cover various modifica- 
tions and equivalent arrangements included within the spirit 
and scope of die appended claims. 25 

We claim: 

1. An optical information medium comprising a substrate 
having pits formed on one surface for carrying information 
and a light transmittance control layer on the substrate 
surface including a lower dielectric layer, a mask layer and 30 
an upper dielectric layer, and further comprising: 

a reflecting layer of 3 to 150 nm thick formed at least one 
of above and below said light transmittance control 
layer, 

the mask layer having an original state before irradiation 35 
by reading light and is 3 to 100 nm thick, 

the mask layer undergoing a crystal-to-crystal transition 
upon irradiation by reading light to introduce a change 
in the reflectance of the reading light, the crystal-to- 4Q 
crystal transition taking place at a temperature of 200 to 
450 degrees C, and 

the mask layer returning to the original state after irra- 
diation by reading light, 

2. An optical information medium comprising a substrate, 45 
a light transmittance control layer on a surface of the 
substrate and including a lower dielectric layer, a mask layer 
and an upper dielectric layer, and a recording layer formed 

at least one of above and below said light transmittance 
control layer, and further comprising: 50 
a reflecting layer of 3 to 150 nm thick, at least one of: (1) 
said recording layer being interposed between said light 
transmittance control layer and said reflecting layer and 
(2) said light transmittance control layer being inter- 
posed between said recording layer and said reflecting 55 
layer, 

the mask layer having an original state before irradiation 

by reading light and is 3 to 100 nm thick, 
the mask layer undergoing a crystal-to-crystal transition 

upon irradiation by reading light to introduce a change 
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in the reflectance of the reading light, the crystal-to- 
crystal transition taking place at a temperature of 200 to 
450 degrees C, and 
the mask layer returning to the original state after irra- 
diation by reading light. 

3. The optical information medium of claim 2 and which 
is an optical recording medium wherein said recording layer 
is at least one of a phase change type and a magneto-optical 
type. 

4. The optical information medium of claim 2 which is an 
optical recording medium wherein said recording layer is at 
least one of the phase change type and magneto-optical type. 

5. The optical information medium of claim 2, wherein 
said mask layer contains silver and zinc as main components 
and the Zn/(Zn+Ag) ratio is 40 to 60 at %. 

6. The optical information medium of claim 2, wherein 
said mask layer contains tellurium and germanium as main 
components and the Ge/(Te+Ge) ratio is 20 to 60 at %. 

7. The optical information medium of claim 2 wherein 
said mask layer contains elements A, B and C, wherein A is 
silver, gold or a mixture thereof, B is antimony, bismuth or 
a mixture thereof, and C is tellurium, selenium or a mixture 
thereof. 

8. The optical information medium of claim 2, wherein 
said mask layer has an original volume before irradiation by 
reading light, 

the mask layer changing its volume as a result of the 
crystal-to-crystal transition of the mask layer upon 
irradiation of reading light, and 

the mask layer returning to the original volume after 
irradiation by reading light. 

9. The optical information medium of claim 1, wherein 
said mask layer contains silver and zinc as main components 
and wherein the Zn/(Zn+Ag) ratio is 40 to 60 at %. 

10. The optical information medium of claim 1, wherein 
said mask layer contains tellurium and germanium as main 
components and wherein the Ge/(Te+Ge) ratio is 20 to 60 at 
%. 

11. The optical information medium of claim 1 wherein 
said mask layer contains elements A, B, and C wherein A is 
silver, gold or a mixture thereof, B is antimony, bismuth or 
a mixture thereof, and C is tellurium, selenium or a mixture 
thereof. 

12. The optical information medium of claim 11 wherein 
said mask layer further contains indium. 

13. The optical information medium of claim 12 wherein 
said mask layer further contains at least one element M 
selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, 
Mn, W, and Mo. 

14. The optical information medium of claim 1, wherein 
the mask layer has an original volume before irradiation by 
reading light, 

the mask layer changing its volume as a result of the 
crystal-to-crystal transition of the mask layer upon 
irradiation by reading light, and 

the mask layer returning to the original volume after 
irradiation by reading light. 

***** 
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[57] ABSTRACT 

There is disclosed an organic optical recording medium with 
high data storage density, high data rates and long data 
archival capabilities, useful as a medium for recording a 
variety of information or pictures. 

In a preferred embodiment, the optical recording medium 
according to the present invention comprises a substrate, a 
reflective layer, a charge-generating layer containing at least 
one charge-generating material, a charge-transferring layer 
containing at least one charge-transferring material, a 
recording layer containing at least one electric field-discol- 
oring element, a plurality of spacers, an air layer and a 
protective layer. 

A laser beam is absorbed to the charge-generating material 
contained in the charge-generating layer, to generate 
charges, which are subsequently transferred to the surface of 
the recording layer by the charge-transferring layer. 

With the influence of the charge generated, the illurninated 
area having the charges puts on a color difFerent from that in 
the other areas. In readout of the recorded information, a 
laser beam of lesser intensity is scanned across the recorded 
medium. The erasure of the recorded data is carried out by 
discharging the charges generated on the surface of the 
recording layer. As a result, the erasure in the optical 
recording medium is performed much simpler. 

4 Claims, 1 Drawing Sheet 
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OPTICAL RECORDING MEDIUM 

This is a division of application Set. No. 08/175,839, 
filed Dec. 30, 1993, pending. 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

The present invention relates, in general, to an organic, 
optical data storage medium which is recordable, readable 
and erasable by using laser beam and, more particularly, to 10 
an organic, optical recording medium with high data storage 
density, high data rates and long data archival capabilities, 
useful as a medium for recording a variety of information or 
pictures. 

2. Description of the Prior Art 15 
Hie variety and amount of information has increased at an 

explosive rate in today's information-intensive society. Such 
an information increase requires recording media to be 
higher in data storage capacity or density, data rate, and to 2 o 
be faster in operation. 

Currently, the practical or commercial techniques for 
recording data are based substantially on magnetic storage 
technology. In general, the data are stored on magnetic 
media, such as video tapes, audio tapes, floppy discs and the 25 
like, on which information is recorded depending on the 
direction of magnetization of magnetic substances in the 
magnetic medium. 

While the magnetic storage technology is commercially 
successful and advantageous, a recording technique known 30 
generically as optical recordings has been and continues to 
be considered a very promising alternative for storage data, 
as a recording media with higher capacity is demanded 
according to the enormous amount of information resulting 
from the society development. 35 

A magneto-optic recording medium comprises a record- 
ing film magnetizable in the direction perpendicular to the 
plane of the film itself, in contrast to the conventional 
magnetic medium. In addition, the coercive force of a 
magneto-optical medium, which is a measurement of 40 
strength maintaining the previous direction of magnetiza- 
tion, is about 5 to 10 times as high as that of a magnetic 
medium. Accordingly, using a magneto-optic recording 
medium, it is very difficult to change the previous direction 
of magnetization with an external magnetic field. 45 

The recording of information on a magneto-optic record- 
ing film is effected by first focusing a modulated laser beam 
at a point approximately 1 um in diameter on the surface of 
the film. The laser beam power should be sufficient to heat 5Q 
the film locally, J or example, to the Curie point temperature 
of the film. In this state, the direction of magnetization can 
be changed with an external magnetic field, so as to record 
information on the film according to the direction. 

When the information is recorded by this method, the 55 
storage unit of information comes to be reduced to approxi- 
mately 1 um or less in size. Accordingly, the recording 
density of magneto-optical medium is 10 to 1,000 times 
greater than that of conventional magnetic recording 
medium. In addition, the magneto-optical medium employs $o 
a non-contact reproducing method, so that magneto-optical 
recording potentially has significant advantages over mag- 
netic recording, including easier data preservation and 
longer data archival capability. 

However, there have historically been many disadvan- 65 
tages in producing the magneto-optic recording media used 
in such method. For example, heavy metals are commonly 
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used as magnetic substances and a vacuum deposition or 
sputtering apparatus is required. 

Many attempts have been made to solve such disadvan- 
tages. One of the attempts is to develop an organic optical 
recording material. Hie organic optical recording material 
may be grouped into (1) a write-once/read-many (hereinaf- 
ter, referred as "WORM") type, and (2) a rewritable (here^ 
inafter, "RW") type on the basis of the erasability of the 
material. 

On the WORM type material, only readout of information 
is possible after recording data once, whereas, on the RW 
type material, erasure of the data is also possible after 
recording. 

WORM type medium is manufactured, as disclosed in 
Japanese Patent Laid-Open Publication Nos. Sho. 57-46362, 
58-197088, 59-5096 and 63-179792, by coating laser-absor- 
bent dye admixtured with polymer on a reflective layer to 
form a recording layer and overcoating a protective layer on 
the recording layer. In this optical recording system, to write 
a data bit, a laser beam is focused on a very small spot of the 
recording layer, for example, approximately 1 um or less in 
diameter, to generate sufficient heat in the laser-absorbent 
dye, which heat decomposes the polymer to form a pit. The 
reproduction of the recorded information is effected by using 
the difference of the reflectivity according to the presence of 
the pit. Since, in WORM type material, the recorded portion 
is in a polymer-decomposed state, it is impossible to 
rerecord data on the polymer-decomposed portion after 
erasing the information. 

A RW type material has been vigorously researched and 
the direction of the research proceeds to a heat mode using 
a light as heat or to a photon mode using a photon of light. 

In the heat mode, the recording or reproducing of infor- 
mation is effected by optical change generated when a 
recording laser beam is irradiated to a localized area of the 
recording layer to bring out melting, vaporization, thermal 
deformation, thermal transfer and the like. 

As an optical recording medium employed in such heat 
mode, there have been energetically studied two optical 
mediums, wherein one medium employs TbFe, CdFe, 
TbFeCo and the like, taking advantage of the Paraday effect 
and the Kerr effect. The other heat mode optical recording 
medium employs inorganic metals represented as Te, such as 
TeOX, Te— Ge, Te— Ge— Sb, and Te— Ge— So— Ti. How- 
ever, since this heat mode optical medium employs a mate- 
rial harmful to human body and it is produced, employing a 
sputtering method, the stability of the medium is low and it 
is difficult to carry out the production process. What is 
worse, the heat mode optical medium shows low recording 
sensibility and is problematic in the stability of recorded 
state and the write-over capability on high speed erasure. 

Therefore, there is demanded a . nontoxic, low-priced 
medium capable of erasing data in a high speed and of 
showing high recording sensibility and stability. 

To develop a material for satisfying these properties, a 
variety of methods employing a nontoxic, low-cost, organic 
polymeric material have been suggested. 

For example, a method utilizing a thermoplastic resin and 
a far infrared ray-absorbent dye has been disclosed in 
Japanese Patent No. 5848245 and a method using a polymer 
blend has been proposed in U.S. Pat. No. 4,722,595. How- 
ever, these methods are problematic in recording sensitivity 
and recording/erasure repetition. 

A variety of methods utilizing the phase transfer of liquid 
crystal have been proposed in Japanese Patent Laid-Open 
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Publication Nos. Sho. 59-10930, 60-114823 and 60-166481, 
and U.S. Pat. No. 4,904,066. However, since an electrode is 
employed in these patents, the structure of the medium is 
complicated and there are disadvantages in recording sen- 
sitivity, responsibility and reliability. 5 

As polymeric liquid crystal materials used in optical 
recording, main chain type liquid crystal polymers have 
been reported in Japanese Patent Nos. 6128004 and 
62175939 and side chain type liquid crystal polymers have 
been described in German Patent No. 3500838. However, W 
they can not be put into practical use since their recording 
sensitivity, contrast and repetitive erasability are unsatisfac- 
tory and the speed of response is slow. 

To improve the responsibility of liquid crystal, a photoi- 
someric method has been advanced in Japanese Patent No. 
6398852, by which a photochromic molecule, such as 
azobenzene, is bonded to a side chain of a polypeptide 
having a photochromic liquid crystal layer, using the relation 
between photoreaction and liquid crystal. However, this 
method also shows some problems in contrast, repetitive 20 
erasability and data archival capability and thus, is not 
industrially available. 

In the meantime, the optical recording method according 
to the photon mode has attracted attention by virtue of its 25 
high sensibility and high speed erasure. As an optical 
recording material, there have been photochromic materials 
using spiropyran compounds in Japanese Patent Publication 
No. Sho. 61-17037, fulgid or indigo in Japanese Patent 
Publication No. Sho, 61-128244. 3Q 

However, while these materials have superior such prop- 
erties as high sensitivity and high speed erasure, they are 
inferior in stability and repetitive erasability in a color 
developing state due to their poor light resistance. In addi- 
tion, since an ultra violet ray and a visible ray are, in general, 35 
used as a recording light and an erasing light, respectively, 
in photochromic compounds, it is difficult to stably store 
data and a reverse reaction is apt to occur during a photo- 
chromic reaction. 

Owing to the aforementioned problems, the optical 40 
recording medium has not been rapidly developed in spite of 
its superior properties, such as high data storage density and 
high speed. 
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For solving the problems encountered in the prior art, the 
present inventors have recognized that there exist needs for 
the improvement in the aspects of stability, sensitivity and 
complexity of erasing system and for a novel, organic 50 
optical recording medium having these advantages, in order 
to provide a new method of optical recording. 

Accordingly, it is an object of the present invention to 
provide an optical medium, superior in recording sensitivity. 

It is another object of the present invention to provide an 55 
optical medium, improved in long archival capability. 

It is further an object of the present invention to provide 
an optical medium, capable of erasing data in a high speed. 

It is still another object of the present invention to provide go 
an optical medium with higher data storage density. 

In accordance with the present invention, the above object 
can be accomplished by providing an optical recording 
medium, comprising: a reflective layer formed over a sub- 
strate layer, reflecting an incident laser beam with a prede- 65 
termined wavelength; a charge-generating layer coated on 
the upper surface of the reflective layer, containing at least 



one charge-generating material, the incident laser beam 
generating charges on the charge-generating layer; a charge- 
transferring layer coated on the upper surface of the charge- 
generating layer, containing at least one charge-transferring 
material transferring the charges from the charge-generating 
layer into an upper layer thereof; a recording layer coated 
over the charge-transfening layer, containing at least one 
electric field discoloring element, the transferred charges 
discoloring the electric field discoloring element in the area 
illuminated by the laser beam, so as to record information; 
a protective layer formed over the recording layer; and in 
case of need a plurality of spacers formed on the both upper 
sides of the recording layer, forming an air layer therebe- 
tween. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and aspects of the invention will become 
apparent from the following description of embodiments 
with reference to the accompanying drawings in which: 

FIG. 1 is a schematic, cross-sectional view showing the 
structure of an optical recording medium according to an 
embodiment of the present invention; 

FIG. 2 is a schematic, cross-sectional view illustrating the 
recording procedure of an optical recording medium, 
according to an embodiment of the present invention; and 

FIG. 3 is a schematic, cross-sectional view illustrating the 
erasing procedure of an optical recording medium, accord- 
ing to an embodiment of the present invention. 

DETAILED DISCLOSURE OF THE INVENTION 

Hereinafter, the preferred embodiment of the present 
invention will be, in detail, described with reference to the 
accompanying drawings, wherein like reference numerals 
designate like parts, respectively. 

FIG. 1 illustrates in simplified form the essential features 
of an embodiment of the present invention employing lon- 
gitudinal optical recording. As shown in this drawing, the 
optical recording medium according to the present invention 
comprises a substrate 1, a reflective layer 2, a charge- 
generating layer 3 containing at least one charge-generating 
material, a charge-transferring layer 4 containing at least one 
charge-transferring material, a recording layer 5 containing 
at least one electric field-discoloring element, a plurality of 
spacers 6, an air layer 7 and a protective layer 8, in some 
cases spacers 6 and air layer 7 can be omitted. In this 
drawing, there is shown a laser beam which is focused on an 
area to be recorded. 

Referring now to FIG. 2, there is illustrated a recording 
procedure in the optical recording medium of FIG. 1, 
according to the present invention. 

As illustrated in this drawings, the irradiated laser beam 
having a wavelength range necessary to record data is 
absorbed to the charge-generating material in the charge- 
generating layer, to generate, on the surface of the charge- 
generating layer, a charge, which is subsequently transferred 
to the surface of the recording layer by the charge-transfer- 
ring layer. Therefore, an electric field effect is generated on 
the area illuminated with the laser beam. 

With the influence of the charge generated, the illumi- 
nated area having the charge puts on a color different from 
that in the other, non-illurninated areas. The recording of 
information on such a medium is effected through the above 
procedure. 
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In readout of the recorded information, a laser beam of 
intensity lesser than that of the laser beam intensity used in 
recording, that is, a laser beam having an energy incapable 
of generating the charge is scanned across the recorded 
medium, a technique being employed to reproduce infor- 
mation relaying upon the difTerence of the light transmitted 
through or reflected from the optical recording medium. 

Turning now to FIG. 3, there is illustrated an erasure 
procedure in the optical recording medium of FIG. 1, 
according to the present invention. 

As illustrated in this drawing, the erasure of the recorded 
data is carried out by discharging the charge generated on 
the surface of the recording layer 5. As a result, the erasure 
in the inventive optical recording medium is performed 
much simpler than in the conventional organic optical eras- 
ing system. 

The reflective layer 2 is deposited with a metallic ingre- 
dient in a thickness ranging from approximately 50 to 
approximately 1,000 A and preferably selected from the 
group consisting of gold and aluminum. 

As materials for the charge-generating layer 3 and the 
charge-transferring layer 4, either inorganic materials or 
organic materials can be utilized. 

The inorganic materials utilized for the charge-generating 
layer 3 and the charge-transferring layer can include sele- 
niums, cadmium sulfides, zinc oxides and amorphous sili- 
cons. The use of inorganic material allows the charge- 
generating layer and the charge-transferring layer to be one 
layer, since an inorganic material generally has the proper- 
ties of charge generation and charge transfer, at the same 30 
time. 

On the other hand, when the charge-generating layer 3 
employs an organic material as a charge-generating material, 
it is formed by dispersing at least one charge-generating 
material in a resin and coating the resulting solution on the 35 
reflective layer 2. 

The resin used for the charge-generating layer 3 must be 
capable of transmitting at least 80% of the incident laser 
beam with a recordable wavelength band, and can include 
polycarbonate, poly(methyl methacrylate), polystyrene and 40 
amorphous polyolefin. Polycarbonate resin is generally used 
for the charge-generating layer 3. 

The charge-generating materials are used, as being dis- 
persed in the resin. Preferred charge-generating material 
includes at least one compound selected from the group 
consisting of polyazos, phenylene tetracarboxy diimides, 
polycyclic quinones, phthalocyanines, squaryliums and phi- 
apyryliums. 

The charge-transferring layer 4 coated on the charge- 
generating layer 3 comprises a resin used in the charge- 
generating layer 3 and at least one charge-transferring mate- 
rial. The charge-transferring materials are used, as being 
dispersed in the resin. Preferred charge-transferring material 
includes at least one selected from the group consisting of 
pyrazolines, stilbenes, hydrazones, triphenyl methanes, het- 
erocyclics and conjugated arylamides. 

The charge-generating layer 3 is preferably formed in a 
thickness ranging from approximately 0.1 urn to approxi- 
mately 0.3 urn, whereas the charge-transferring layer 4 is 
preferably formed in a thickness ranging from approxi- 
mately 3 to approximately 30 urn. 

The materials for the charge-generating layer 3 and the 
charge-transferring layer 4 would be readily apparent to a 
person of ordinary skill in the art having the benefit of this 65 
disclosure and are to be suitably selected, according to the 
recordable wavelength band of laser. 



45 



50 



55 



60 



The electric field discoloring element used in the present 
invention is to effect high reflectivity in the recording layer 
5 and is a material capable of transmitting at least 70% of the 
incident laser beam with a recordable wavelength band. As 
an electric field discoloring element, there may be employed 
all conductive polymers which can be discolored by an 
electric field, preferably compounds represented as the fol- 
lowing formulas I through VII and most preferably poly- 
pyrrole, represented as the following formula m. 



4?4 

/R 3 

4nu 



(i) 



01) 



R6 



(in) 




(IV) 



(V) 



(VI) 



(VII) 



wherein n is an integer not less than 4; R t to R<, is hydrogen, 
an alkyl group, an alkoxy group or a phenyl group; and X~ 
is C10 4 ~, BF 4 ~ or AsF 3 ~ 

In case of using the compounds represented as the above 
formulas, the compounds are electro-polymerized and 
coated on the charge-transferring layer 4 in a thickness not 
more than approximately 20 urn. The amount of the com- 
pound is preferably on the order of approximately 0.2% to 
approximately 20% by weight, based on the weight of the 
solvent used. For example, if too little of the compound is 
used, the discoloring degree caused by an electric field is so 
low that there may be generated a problem in its recording 
property. On the other hand, if too much of the compound is 
used, a light absorption rate becomes too large to obtain a 
reflectivity value necessary for to the recording of informa- 
tion. 

The discoloring of the recording layer 5 is easily recog- 
nized, since the recording layer 5 employing the above 
electric field discoloring element, for example, polypyrrole, 
puts on a blue color in an oxidized state, whereas the 
polypyrrole discoloring element in the recording layer is a 
yellowish green color in a reduced state. 

A pair of spacers 6 can be formed on both upper side 
regions of the recording layer 5 comprising the electric field 
discoloring element, maintaining an air layer 7 therebe- 
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tween, in accordance with the present invention. Preferred 
materials for the spacers 6 include glass bead. 

A protective layer 8 can be formed over the recording 
layer 5. If present, the air layer 7 is formed between the 
recording layer 5 and the protective layer 8, according to the 5 
present invention. The protective layer 8 can be made of the 
same material as the substrate 1 and preferably of polycar- 
bonate. 

The present invention can further employ a photo mask 
over the recording layer 5 comprising the electric field 10 
discoloring element, effecting a more stable recording state. 
When used, the photo mask has to be divided into a size as 
large as the focus of the incident laser beam and preferably 
not more than 3 urn. 

The recording and erasing procedure of the inventive 15 
optical recording medium is as described above and of 
which a brief summary is given in FIGS. 2 and 3. 

The organic, optical recording medium provided in accor- 
dance with the present invention is superior in recording 
sensitivity and data stability. 20 

Now, the preferred embodiment of the present invention 
will be further described with reference to the following 
specific examples. 
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Gold (Au) was deposited on a polycarbonate substrate in 
a thickness of 800 A. Polycarbonate resin and PROGEN, a 
phthalocyanine compound used as a charge-generating 
material and commercially available from ICI company, 30 
were dissolved in a solvent to give a solution wherein the 
weight ratio of polycarbonate to the charge-generating mate- 
rial was 50:50. Then, the solution was spin-coated on the 
deposited substrate in a thickness of 0.2 pm and stored at 80° 
C. for 10 hours to remove the solvent from the substrate. 35 

On this charge-generating layer, there was coated a solu- 
tion wherein polycarbonate and a charge-transferring mate- 
rial were dissolved in a solvent in weight ratio 50:50 of 
polycarbonate to the charge-transferring material. The sol- 
vent was dried out under the same conditions as the above. 40 
As the charge-transferring material, PROPRANT, a hydra- 
zone compound commercially available from ICI company, 
was used. 

On the charge-transferring layer formed, a solution of 
electropolymerized polypyrrole, an electric field discoloring 45 
material, and a solvent wherein polypyrrole amounted to 5% 
by weight of the solvent, were spin-coated in a thickness of 
5 Jim. The resulting structure was heated to 80° C. in an oven 
for 5 hours, to remove the solvent sufficiently. The molecular 
structure of polypyrrole used as a material for a recording 50 
layer was given as designated formula IH-1 in the following 
Table 1. 

On both upper side regions of the recording layer, there 
were formed spacers of glass bead, followed by the forma- 55 
tion of polycarbonate plate thereon, so as to prepare an 
optical recording medium. 

Reflectivity of the prepared medium was measured with 
respect to a light source with a wavelength of 780 nm, to 
obtain a reflectivity value of 45%. As apparent from this 6 o 
value, it has high reflectivity as a recording medium. 

Measurement was carried out with a modulated laser 
beam (k=7%0 nm) with 10 mW, under the conditions of 0.1 
|im sec, 600 rpm and 300 KHz, recording a result. It was 
ascertained that the recording area appeared yellowish green 65 
under an electrostatic state. Thereafter, a laser beam (X=780 
nm) with 1.0 mW was irradiated in the same condition as the 



above, recording a result. From the results, C/N ratio (here- 
inafter, referred as "CNR") was measured to obtain a CNR 
value of 57 dB. This CNR value is to confirm that the 
organic optical recording material is superior in recording 
property to other erasable, organic optical recording mate- 
rials. 

The organic optical recording medium was left at a 
temperature of 40° C. and a relative humidity of 80% for 10 
days and was then subjected to the measurement, to obtain 
a CNR value of 56 dB. The organic optical recording 
medium also was left at temperature of -10° C. for 10 days, 
obtaining the same CNR value, 56 dB. These results also 
verify that the medium according to the present invention is 
a stable, organic optical recording material in any condition. 

After the recording and reproducing was iteratively per- 
formed 300 times, the property of the recording and erasure 
were measured, to obtain a superior result of a CNR value 
of 56 dB. 

The results are, in detail, given as shown in the following 
Table 1. 

EXAMPLE 2 

An optical recording medium was prepared in a manner 
similar to that in Example 1, except that, as an electric field 
discoloring element, a compound of general formula VI 
(detailed molecular formula VI- 1 given in Table 1 ) was used. 

Testing for the recording, erasure and reliability was 
iteratively performed arid the properties were measured, 
under the same conditions as Example 1 . 

As a result, the reflectivity was similar to that in Example 
1 and CNR from the test of recording/erasure/reliability was 
a bit less than in Example 1 but superior to other conven- 
tional recording materials. The results of the testing are, in 
detail, given as shown in the following Table 1. 

EXAMPLE 3 

An optical recording medium was prepared in a manner 
similar to that in Example 1, except that, as an electric field 
discoloring element, a compound of general formula IV 
(detailed molecular formula IV- 1 given in Table 1) was used. 

Testing for the recording, erasure and reliability was 
iteratively performed and the properties were measured, 
under the same conditions as Example 1. 

As a result, the properties were as superior as those in 
Example 2. The results are, in detail, given as shown in the 
following Table 1. 

EXAMPLE 4 

An optical recording medium was prepared in a manner 
similar to that in Example 1, except that, as an electric field 
discoloring element, a compound of general formula II 
(detailed molecular formula II- 1 given in Table 1) was used. 

Testing for the recording, erasure and reliability was 
iteratively performed and the properties were measured, 
under the same conditions as Example 1. 

As a result, the properties were as superior as those in 
Example 2. The results are, in detail, given as shown in the 
following Table 1. 

EXAMPLE 5 

An optical recording medium was prepared in a manner 
similar to that in Example 1, except that, as an electric field 
discoloring element, a compound of general formula VII 



5,516,568 



(detailed molecular formula VII- 1 given in Table 1) was 



Testing for the recording, erasure and reliability was 
iteratively performed and the properties were measured, 
under the same conditions as Example 1 . 5 

The results are, in detail, given as shown in the following 
Table 1. 



EXAMPLE 6 
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An optical recording medium was prepared in a manner 
similar to that in Example 1, except that, as an electric field 
discoloring element, a compound of general formula V 
(detailed molecular formula V-l given in Table 1) was used. 15 

Testing for the recording, erasure and reliability was 
iteratively performed and the properties were measured, 
under the same conditions as Example 1. 

The results are, in detail, given as shown in the following 
Table 1. 20 



EXAMPLE 7 

An optical recording medium was prepared in a manner 
similar to that in Example 1 , except that, as an electric field 25 
discoloring element, a compound of general formula I 
(detailed molecular formula M given in Table 1) was used. 

Testing for the recording, erasure and reliability was 
iteratively performed and the properties were measured, 30 
under the same conditions as Example 1. 

The results are, in detail, given as shown in the following 
Table 1. 



EXAMPLE 8 
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An optical recording medium was prepared in a manner 
similar to that in Example 1, except that a selenium layer is 
formed in a thickness of 0.5 um as a charge-generating and 
charge-transferring section in lieu of separate charge-gen- 40 
erating and charge-transferring layers. 

Testing for the recording, erasure and reliability was 
iteratively performed and the properties were measured, 
under the same conditions as Example 1 . 

The results are, in detail, given as shown in the following 
Table 1. 
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EXAMPLE 9 



An optical recording medium was prepared in a manner 
similar to that in Example 1 , except that a photo mask was 
placed on the recording layer comprising an electric field 
discoloring element. 

Testing for the recording, erasure, and reliability was 
iteratively performed and the properties were measured, 
under the same conditions as Example 1 . As a result, there 
was- obtained a recording resolution of about 1.2 um, which 
was superior to the approximately 2 um recording resolution 
value from the other Examples 1 through 8. The other 
properties were similar to those in the other Examples, as 
given in Table 1. 

Consequently, the use of photo mask allows the optical 
recording medium to be improved. 

COMPARATIVE EXAMPLE 1 

An optical recording medium was prepared in a manner 
similar to that in Example 1, except that an electric field 
discoloring element amounted to 25% by weight of the 
solvent. 

Testing for the recording, erasure and reliability was 
iteratively performed and the properties were measured 
under the same conditions as Example 1. 

From the result of the test, it was found that since the 
transmission of the light was reduced at the high concen- 
tration of the electric field discoloring element, which 
resulted, in turn, in lowering the reflectivity, this medium 
was inferior in its general properties as a recording material 
as compared to the recording material of the other Examples. 
Accordingly, this optical recording medium was proved to 
be problematic, as a recording material. 

The results are, in detail, given as shown in the following 
Table 1. 

COMPARATIVE EXAMPLE 2 

An optical recording medium was prepared in a manner 
similar to that in Example 1, except that, as a resin, polypro- 
pylene was used in lieu of polycarbonate. 

Testing for the recording, erasure and reliability was 
iteratively performed and the properties were measured, 
under the same conditions as Example 1. However, the 
reflectivity was very low, so that the recording and erasure 
was difficult. 



TABLE 1 



Exm. 
No. 


Reflectivity 
(unrecorded area) 


E.F.E* 
(record layer) 


Cone, of 

Rec. layer 
(wt%) 


Initial 
Record 


CNR(dB) 
After 

300 times Hot test* 


Cold test** 


1 


45% 


ni-i 


5 


57 


56 


56 


56 


2 


42% 


VI- 1 


5 


51 


49 


48 


49 


3 


42% 


IV-l 


5 


50 


49 


48 


48 


4 


43% 


n-i 


5 


51 


50 


46 


47 


5 


46% 


VII- 1 


5 


58 


56 


56 


56 


6 


45% 


V-l 


5 


51 


50 


47 


47 


7 


45% 


1-1 


5 


51 


50 


47 


47 


8 


44% 


ni-i 


5 


50 


48 


49 


49 


9 


42% 


m-i 


5 


50 


48 


49 


49 


C-l 


20% 


m-i 


25 


20 


10 


9 


8 


C-2 


11% 


m-i 


5 











Detailed molecular formulas: 
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TABLE 1 -continued 



-eCH=CH^ 




(I-l) 



gim) 




ai-i) 



av-i) 



Lu \ — / X N + _ 



(V-l) 



(VIM) 



(VI-1) 



C 7 H 1S 



*: test for sample left at 40° C, 80% RH for 10 days 
**: test for sample left at -10° C. for 10 days 
*: electric field discoloring element 
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As apparent from the Examples and Comparative 
Examples, the optical recording medium according to the 
present invention, has superior properties, e.g., high data 
storage density, high data rates and long data archival 
capability. 

Although the preferred embodiments of the invention 
have been disclosed for illustrative purpose, those skilled in 
the art will appreciate that various modifications and addi- 
tions are possible, without departing from the scope and 
spirit of the invention as disclosed in the accompanying 
claims. 

I claim: 

1. A method for recording, reading and erasing informa- 
tion on an optical recording medium having a substrata 
layer, a reflective layer, a charge-generating and transferring 
section comprised of charge-generating material and charge- 
transferring material, respectively, and a recording layer, 
said method comprising the steps of: 
recording the information by illuminating the charge- 
generating material with a laser beam having a wave- 
length and intensity capable of generating a charge, and 
transferring the charge to the recording layer having a 
discoloring element whereby said discoloring elements 
puts on a color in a charged state different than in an 
uncharged state; 
reading the recorded information by illuminating with a 
laser beam on the recording medium, wherein, said 
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laser beam for reading said recorded information has a 
lesser intensity than the laser beam used to record the 
information; and 

erasing the recorded information by discharging the 
charge generated and transferring to the recording 
layer. 

2. A method for recording information on the optical 
recording medium of claim 1, wherein said method com- 
prises illuminating the charge-generating material with a 
laser beam having a wavelength and intensity capable of 
generating a charge, wherein said charge is transferred to the 
recording layer having a discoloring element whereby said 
discoloring element puts on a color in a charged state 
different than in an uncharged state. 

3. A method for reading information recorded on the 
optical recording medium of claim 1 wherein said reading 
method comprises illuminating with a laser beam said 
optical recording medium having recorded information, 
wherein said laser beam for reading said recorded informa- 
tion has a lesser intensity than the laser beam used to record 
the information. 

4. A method for erasing recorded information from the 
optical recording medium of claim 1 wherein said method 
comprises discharging the charge generated and transferred 
to the recording layer. 
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ABSTRACT 

A mobile magneto-optical disk system with 2 Gbytcs uncapacity is proposed. The disk consists of^ center aperture 
detection type of magnetically toduccd super-resolution medium, a 05 mm thickness substrate wilh 50 mm in diameter, 
and a newly developed ultraviolet curing resin f3m to keep the disk tilt small even if its surrounding environmental 
condition changes, lite optics contains a blue laser diode of a 406 nm wavelength and an objective tens with a numerical 
aperture of 0.6. A laser pubed magnetic field modulation method is employed and it realizes land and groove recording 
with an effective track pitch o£ 0.40 fim, .Practicable system margin values are confirmed ai 0.146 urn bit density (11 
Gbits/in 1 area) density.) 

Keywords Magneto-optical disk, center aperture detection, magnetically induced super resolution, land and groove 
recording, laser pubed magnetic field modulation 



A INTRODUCTION 

A center aperture detection type of magnetically induced super-resolution (CAD-MSR) medium for red laser optics had 
been studied*^ and it bad already been in commercial use as like -iD-photo*. In Order to obtain more huge capacity, 
CAD-MSR media had been modified to be suitable for blue laser recording 5 ' 0 . The combination of CAD-MSR media and 
blue laser optics enabled us to realize an acceptable capacity disk system for mobile audio-visual applications* 
This- paper describes a 2 Gbytca uset-capacity , disk system with a 50 mm diameter CAD-MSR disk. Firstly, key 
technologies in this study are introduced. Secondly, the 0.5 mm thickness disk properties are reported. Realizing the 05 
mm thickness disk was one of key issues in this study. We utilized an amorphous polyokfin polymer as the substrate 
material and developed a novel ultraviolet curing (UV) resin material for a protective film formed on the. CAD-MSR 
medium. Tnc completed disk, consisted of the injection molding substrate with a 0.5 mm thickness, the CAD -MSR 
medium, and the newly developed OV resin protective film, showed very small disk lilt and it was kept even in severe 
environmental tests. FmaUy, experimental results for readout and recording characteristics arc repotted, Tbc obt«n*ed 
margin values proofed that the proposed system was available for practical use. 

- 2. KEY TECHNOLOGIES 

Key technologies in this study are illustrated in Fig. 1. H is our proposal to realize a mobile consumer use product with 
acceptable wide system margins. A blue laser diode made by Nichia Corporation was used in this study. The wavelength 
was 406 nm. A moderate 0.6 numerical aperture (NA) objective lens was utilized as like conventional far field optics. The 
substrate dimensions were 50 mm in diameter and 0J> mm in thick The latter induced relatively larger lilt tolerances in 
comparison with the thicker substrate. The substrate was fabricated by an ttyeciion molding process. The effective track 
pitch was 0.4 urn .and hs depth was 35 nm. The groove depth was set to obtain good margin balance between lands and 
grooves. Such dimensions of grooves were duplicated through a reactive ion etching (RIE) glass mastering process, it j 
biougul a good bit error rate (13ER) of magneto optical (MO) signal. An improved CAD-MSR medium for blue laser ; 
recording was supplied to this study 7 , it. was a magneto-static type of CAD-MSR medium and it had bigncr recording j 

Optical Data Storage 2Q01 , Terrii Hurat, Saljl KebayasM. Editor, 
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power sensitivity and higher recording magnetic field 
2xpsiiivity suitable for mobile drives with lower 
dectric consumption. A aewly developed UV resin 
pjot ective film wu employed to reduce the transient 
disk tOt even if the surrounding environment c hinges. 
It is one of the most important technologies because it 
enabled the 0.5 mm thickness disk to be in practical 
use, and our proposal system was realized. A laser 
pulsed magnetic Odd modulation method was adopted 
in this system and it enabled for us to achieve land and 
groove recording with a narrow 0.4 \im track pitch* By 
combining those components, available system 
margins were obtained at an area! density of 11 
Gbits/iu l - 



Figure I: JOey technologies in thb arudy . 



3. FABRICATION OF 0.5 MM THICKNESS SUBSTRATE 

3.1 REE glass mustering 

An KDE glass mastering technique was adopted in this study*. Figure 2 shows the farmer part of disk fabrication processes. 
A positive type photo resist was spin-coated on a quartz.glass substrate. The typical thickness of resist was 70 tan to obtain 
the groove depth of 35*40 nm. Laser culling (exposure) process was carded out and the exposed resist was removed by 
developing. Generally this remaining resist pa Hero is utilized as a photo resist master to fabricate a sUmpcr for the 
injection molding. Is ihis study the quartz glass was reactive-ion -etched with CF4 gas, and the etched grooves were formed 
directly on the glass surface. In detail, the photo resist pattern was also etched with a similar etching rale, and the 
remaining photo resist *w removed after etching* 

Figure 3 shows an atomic force microscope (AFM) image of the REE glass master. The etching power was 400 watts. The 
ccntedine average roughness of etched groove surface was less than 0.2 um» It was a quite small value as well.as tbc quartz 
glass surface or the land surface. The Land portion was not etched because it was covered by the photo resist Additionally 
in the Rl£ process, the land width of the 1UE glass mater hardly depend on that of the covered photo resist pattern It only 
depends on the dimensions near the bottom of the photo resist pattern. This advantage produced better uniformity of land 
(and groove) dimensions* Figure 3 shows it dearly that the boundary wall between the land and groove has a very smooth 
surface and a good straightness in tangential direction. Such the superior flatness aod the good uniformity of land and 
groove dimensions including groove walls totally induced a lower trade noise than that of the fabricated disk by a photo 
resist master. The lower track noise led the good BER of MO signal, and brought wide system margins. 
The RIE glass master has (he other advantage for the mass "production of substrate. One RJE glass master cau produce 
multiple stampers. In general, the stamper for the injection molding is fabricated by elect reforming a photo resist master* In 
this case, the photo resist pattern on a glass substrate is damaged when the stamper is peeled off the photo resist master 




Figure 3: Atomic microscope irnaga qf reactive ion 
Figure 2: Disk fabrication processes, etched glass master. - 
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after the dectrofonuing puces*. Therefore, only one stamper can be obtained from one photo resist master. On the othe 
hand the etched pattern sustain is no damages. So multiple stampers can be obuiiied from one JOE glass master with jrood 
reproducibility* It is useful to product a large quantity qf substrates with the same quality. g°o 

32 Injection molding 

Desirable key functions for substrates in the MO field arc- so*]) birefringence, smalt till, and good duplicate ability T Q ) 
meet these denwds, an amorphous poIyoleOn polymer was employed as the substrate material in flu* study, li bad better 
optica! characteristics than a conventional polycarbonate polymer and bad no difficulty in controlling the disk tilt and the 
duplicate properties of grooves in our injection molding process, 

figure 4 shows the birefringence of injection molded substrates of the amorphous polyolcfin and the polycarbonate. The 
vertical axis indicates Ihc retardation value for a single pass of a 633 nm wavelength light rrradhted in normal direction to 
the substrate surface. A retardation value less than ±20 nm is preferable in practical use. The amorphous polyolefin met the 
demand in all radial positions. The polycArbooate showed large retardations at the inner radius area in our study. 
Figure 5 reveals a typical data of axial deflection on tho mjectaon molding substrate. The maximum axial deflection was 
below 14 u.m per revolution, and lac radial end tangential tilts Were +1.2 mrad. and +0.6 mrad^ respectively. Those tilts we 
small enough lor practical use. Additionally, the deviations of tDis between several hundred substrates were within 0.2 
mrad, in both direct ions, A good reproducibility of lilts in the Injection molding process Was conftnncdl 
By the way, we should make a completed disk tilt be in a desirable value. The completed disk contains a CAD-MSR 
medium and a UV resin protective film formed on the substrate in this order. The radial tilt moves generally by forming a 
recording medium and a UV resin protective film, due to the unbalance of internal stresses. In our Study, the movement 
ww approximately -2 mrad. and the radial tilt of completed disk in this case was about -1 mrad. The tangential tilt was 
kept almost the same Value of the substrate. Both radial and ta Agential tilts on the completed disk tilts arc small enough for 
practical use. Our internal targets for the completed disk tilts were £3-5 mrad. in radial, and &5 mradi in tangential 
direction. The fabricated disk in this study met the internal specifications with sufficiently wide production margins. 
Figure 6 shows an AFM image of the injection molding substrate. The image indicates the good stnightness of boundaries 
between lands and gpnooves, as well as the WE glass master shown in Fig. 4. And also the centcrline avenge roughness was 
less than 02 nm on both land and groove surfaces. The roughness was almost the same as those on the RJE glass roaster 
and the stamper. Thus we confirmed that the amorphous polyolefin revealed a good duplicate ability and generated a 
smooth surface in the injection molding process. 

33 New UV resin material to reduce transient disk tilts 

It is one of the most sig nificant matters to keep a completed disk tflts constant whenever the surrounding environmental 
conditions change. We developed a new UV resin film and confinncd its ability for reducing the transient tills *. 
h general, when the surrounding temperature or the humidity changes, a disk* tilt changes by the difference of thermal or 
humidity expansion or contraction volumes between the substrate, the recording fHra, and the XtV resin film, Conversely, it 
is possible to reduce the till movement by adjusting expansion (or rontraction) volumes between thorn. In the case of the 
temperature expansion, the coefficient of thermal expansion of the CAD-MSR film is approximately one order less than 
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Figure 4: Birefringence of injection molding substrates. 
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Figure Si Axial deflection of injection molding substrata 
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hose of Ibc substrate and the UV resin materials- Moreover, the humidity expansion of The CAD-MSR is supposed lo be 
dmost zero and can be negligible compared with other elements. So wc modified the UV resin material lo be balanced the 
hermai and humidity expansion volumes between the substrata and the UV resin film. In concrete, the UV resin material 
*as modified lo have a larger thermal expansion coefficient and a smaller humidity expansion coefficient than those of 
commercially used UV resin materials. Off course, the modified UV resin maintained other important roles; protection of 
recording layers and high lubrication ability for the magnetic bead. 

Figure 7 show an experimental result for an environment (est to confirm the new UV resin performance. The experiment^ 
disk consisted .of: an amorphous polyolefin substrate with a 0.5 mm thickness, a CAD-MSR medium with about 200 nm 
total thickness, and a newly developed UV rosin protective film with a 15 um thickness. Tbc horiaontal axis indicates the 
exposure lime and the sample disk had been placed in the environmental testing chamber. A laser displacement meter for 
measuring the sample disk tilt was also constructed in the testing chamber and the disk tilt was measured in real time. The 
vertical axis shows the radial tilt value. The minus tilt on the vertical axis indicates thai the disk gets close to an optical 
head. The tilt change in tangential direction was very small within 03 mnd. in this test. So the tangential data were 
omitted graphing. 

In this test, the sample disk had been placed in the testing chamber over 24 hours under a condition of 25 *C-50%R.H. 
(relative humidity) to let the disk tilt reach to an equilibrium statu Tne 2SX4Q%K.K condition is very close lo the room 
condition, so we defined the tilt v B lue of the above equilibrium state as the completed disk tflL The completed disk lilt in 
this test was +1 mrad, as shown in Ihe figure. After con&ruing the completed disk lilt, the environmental condition was 
changed to 70"GS%R.H. The 5%R.H. at 70*C had an important meaning that the absolute humidity, not relative humidity 
was almost the same as the 50%RJL at 25 ft C So we could know the tHt change only by the temperature transition. It was 
only +0.7 mrad. Then the environmental condition was returned to 25 °C<50%R.H M and we confirmed the disk tilt also 
turned back lo the initial value* Then only the humidity was changed from 50 lo 903&RJL at 25 a C Hie lilt change only by 
the humidity transition was -1.6 mrad. Tbc latter humidity change looked like large, but the absolute u h value was in the 
range between +2.1 and -0.2 xnrad- II was quite small value for wadingtoriting operations. And w c should* point out that- 
in the case of utilizing * commercially used UV xesin material, the radial tilt exceeded 10 mrad. in our study. 
Figure 8 shows the other result for a more severe testing condition. The test condition was compliant with internally 
defined operating conditions. The tcmpctaruxe range was -5 to 65*C and the humidity one was nearly 0 to 90%. In this test, 
the largest till change was about -2 mrad. at the condition cbange from 25°C-5D%ELH. to 3?&90ffIlJL It was slight 
larger than the previous data shown in F!g> 7. It is canned that not only humidity change but also temperature change was 
added in this test The hmnidiry absorption became larger due to the higher temperature, we suppose* Nevertheless the 
absolute radial tilt Was sufficiently small and within 1.2 mrad. 

In Ihis test, we tried testing under the lower leanpcraturc condition than ~5*C However a condensation occurred and It 
prevented measuring the disk tilt. With niaking an estimate from the lilt shift result between 25 and -5*C the predicted tilt 
at -25*C becomes -1A7 mrad. If the -25° C condition was adopted, the disk lik would bo kept in practicable range. In 
addition, the sample disk showed a good reversibility of till in other 'climatic environment tests: 80'C-90%R.H, for 240 
hours and -25°C fot 240 hows. It prools that both materials of the UV resm and the substrate maintained their orimnal 
characteristics even aflcr auch light conditions. 
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Figure 6: Atomic microscope image of injection molding 
substrate. 





A<**J).7aarad, A - - taf aA. 


fcytoftpcrHtocJtMi- bjr fc tun kill/ <V*«|* 


J 












SQftKH. 5*Wt 
i 


H ■" ■ ' - *U'J 

■■ ■ ■ tt*C »>2 

SOftRji. • ftOMJ 
J » 1-1 J, 


HL " 



0 20 40 60 80 10O U0 140 
Expwirr tin* (fcoarf) 

Figure 7: Disk tilt change in fundamental environment teat. 



PfOCSPIE Vol. 4042 255 



ARAKENZU Pftl. 





20 30 40 
Exposure tin* (bauro) 

figure 8: Disk Jilt changw in internal )y defined environment 
left. * 



Subjiraie 



ASH tnaupwcnUttyw 



GdFeCo readout Ujcr 



TbFcCo rctordiog Ujcr 



GdFeCo wrilc^baii Urc 



A1N dielectric layer 



Ay-dloy tbcttntt control layer 



UVrwinfilm 



Figure 9t CAD-MSR medium structure in this study. 



4. READOUT AND RECORDING PROPERTIES 



Figure 9 shows the CAD-MSR medium structure in this study 7 , Tbt xnajor improvement points compared with lhai in the 
previous report** were as IbDows: A Gd liucrracdiale layer was employed Instead of a conventional non-magnetic layer 
made of Ag-alloy, and the tri -layer structured recording layers was changed to a single recording layer and added a 
wiite-assist layer. The former made the readout power margin wider and the Inner made the recording power and magnetic 
lield sensitivity higher. 

Table 1 presents measurement conditions. The effective track pitch was 0.4 jim and land and recording was performed in 
ihis study. The recorded bit length for various system margin estimations was set to 0,146 (im. The areal bit density was 11 
Gbits/m . The Uv:r pulsed magnetic field modulation method was employed to realize higher track density recording and 
the recording pulse duty was set to.33%< The linear velocity was 3.2 m/s, and the recording mag nctic Geld was 250 Oe. 
The dau channel clock was 33 MHz and the (1,7) RLL (run-length-Hncdtcd) coding was utilized. The partial response (PR) 
of (1,2,1)' detection and the Vitetbi detection methods Were combined to evaluate the BER. 

Figure 10 shows the BER dependence on* the linear bit length, The recording channel clock was kept Constant and the 
linear velocity was changed for each bit density in this measure meat The BER valves on both land and groove were in 
constant over the hit length of 0.16 um, and those Values were near lE'-6\ The BER value near 1E-6 indicate* that the 
number of defects on the substrate is quite small, and the readout resolution of medium is sufficiently high. Our target, bit 
density in this study was 0.146 u.m length. A slight less of BER was observed but it was a relatively good BER value. 
Several system margins were investigated in the bit density. 

Figure 11 shows the BER dependence on the recording laser power. We deEned a recording power margin from this result. 
The readout power was 1.82 mW for land and 1.68 mW for groove. Both of those powes were the center readout power 

Table'l Measurement conditions, 



Wavelength 


406 nm 


NA 




SUbatntc thickness 


Q»S mm 


Effective track ph eh 


Q,40 pro (L/O recording) 


Recording btUengib 


0.146* uro • 


Recording melted 


Laier puscd MFM 


Recording juttee duty 


33% 


Linear velocity 


3.2 m/s 


Recording magnetic field 


250 Oe 


Channel ctocK 


as MHz 


Modulation cottc 


(t.7)RIX 


Diu detection 


PS(W)+v1ttn)i 




0J2 ai4 Q.U Q.IA 02D 

linear bit length fun) 
Figure 10: Bit error rate dependence on linear bit length. 
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Recording power (aW) - Readout power (roW) 

Ffcure IX: BU enor rate dependence uti recordinc laser po^r. Figure 12: Bit error rate dependence on readout Itfer power. 



obtained in a readout power margin measurement. Tic dotted lines show tbc BER for a l-track recording state. Tbe 
measured truck had been pre-recorded with a large recording power above 10 mW, and after that the track was overwritten 
with a small power. So residual domains exists If tbc overwrite power is loo small, It was * severe condition to know the 
ovcrwrite-ability. The adjacent tracks were in an as -deposition state, where no data was recorded. The solid lines show the 
BER for a 3-track recording stale. The adjacent tracks were also recorded with the same recording power. The inserted 
number* in the figure indicate recording power margins for bud and groove- The BER criterion for determining tbc margin 
was 5E-4. II was equivalent to the limit of error correction ability in this study. The under limit of recording power was 7-8 
mW. It was nearly equal as thai in red laser systems wt bad been studied. It is acceptable recording power sensitivity for 
realising a mobile disk drive system,' The upper recording power was limited by the cross- write phenomenon dominantry, 
not by the cross-laJk one. In blue laser recording, tbe r#c*ktonf«ratDte of the recording medium reaches higher than that of 
the red laser recording due to the higher energy density in the beam spoL Therefore, to let the heal out from the recording 
Uyer became more important and the CAD-MSR medium in this study had the counterrneasiire by incre asing the thickness 
of thermal control layer. The thickness was changed from 40 to 70 nm in this study. It functioned effectively to reduce 
cross-write and a relatively large margin value Was obtained as shown ha Kg. 11. The internal sj»dficaiioii for the 
recording power margin was al5%. The experimental results were beyond it both land. and groove. In (he case of the 40 
nm thickness, the margins were less than ±10%. 

Figure 12 shows the BER dependence on the readout laser power. Ho mcastrred track was the 3 -track state recorded with 
the center recording power. The obtained rowgms were clear our rotcrnal spec location of ±12% on both land and groove. 
Figure 13 shows disk tilt margins in: (a) radial , and (b) tangential directions, respectively. The measured track w*» the 
same 3-lrack state for estimating the readout power margin. In this moasurcnoeut, the readout power was adjusted for each 




Figure 13: Bit error rate dependence on; (a) radial, and (b) tangential tilt. 
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Tabic 2 Margin lilt of experimental rciultx and internal specifically 



tilt state. In tic CAD-MSR system, corrtrollmg the 
aperture size is important to gei. wider tolerances for 
readout 'When the disk tills, the peak intensity of 
the focused readout beam decreases by coma 
aberration in comparison with thai in the no -till state. 
In order to. compensate the intensity loss and to get 
Hie same aperture size, a higher readout laser power 
is needed. Consequently, toe larger the tilt, the 
larger foe readout power becomes. He internal 
specifications were ±10 xnradL for radial and ±6 
mrad. for tangential directions. Hie obtained 
margins were large enough compared with the 
specific aliens. It is noted that such wide enough 
margins Were generated by combining of the 
moderate 0.6 NA lens, the thin 05 mm substrate! 
and the CAD -MS R medium. 
Table 2 lists experimental results and internal 
specifications for each item. The readout power 
margin for the groove and the recording power 
margin (or the land were very close to the interna] 

specifications but all of cxperimenial results satisfied the specificadons. Additional Jy, the radial and tangential till martini 
were sufficiently wider than the specifications. It suggests that the OS mm thickness disk can be applied to higher 
numerical aperture systems as like 0.65 or 0.7- Realizing larger capacity disk system is to be expected. 

5. CONCLUSIONS. 

We confirmed that a 2 GB user-capacity CAD-MSR disk with a 50 mm diameter was accomplished with practicably 
Available margins. The wqwrimcntal optical head consisted of a blue laser diode and an objective lens of 0.6 NA. The area! 
recording density reached to XI Gbits/to 3 with land and groove recording of QA |tm wide tracks. The disk substrato 
thickness was 05 mm. We confirmed' the injection mo Wing of the 0.5 mm substrate was possible with small tilt, good 
duplicative ability, and good optical properties. We also developed a novel UV resin material to keep the completed disk 
lift small even if the surrounding climatic condition changed. Hie CAD-MSR medium was improved to match blue 
recording and it generated superior readout resolution and good sensitrvlttes for the 'recording laser power and the 
recording magnetic field. The accomplished CAD-MSR disk produced available system margins for practical use. 





Experimental results 
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Readout power 


Land IJtt roW ifclS* 
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Recording power 
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Table 1 (Major specs for BD-RE Ver. 1.0) 



Storage Capacity 


23.3 Gb 25 Gb 27 Gb 


for Single- sided, Single Layer 




(Two layers on each side) 


(46.6 Gb) (SO Gb) (54 Gb) 


Wavelength of Standard 




Oscillation of Light Source 


405 nm 


Diameter of Disc 


12 cm (internal diameter 15 mm) 


Thickness of Disc 


1.2 mm 


Thickness of Cover Layer 




for Recording Layer 


0.1 mm 


Aperture of Objective Lens 


0.85 


Track Pitch 


0.32 pm 


Recording Film 


Phase change recording film 




(ex. Ge-Sb-Te or eutectic) 


Minimum Recording Mark Length 


0.16pm 0.149pm 0.138pm 


Surface Recording Density (Gb/inch2) 


16.8 18 19.5 


Rotation Control 


CLV 


Standard Data Transfer Rate 


36 Mb/second 


Recording Track 


Groove Recording 


Address 


Wobbling"* 


Encoding 


1-7PP'2 


Error Correction 


Combination of LDC and BIS 


Image Recording 


MPEG-2 Transport Stream 


Sound Encoding DoIbyDigital, MPEG-1 Layer II, etc. 



• J Combination of "STW* proposed by Matsushita and *MSK" by Sony. 
* 2 Abbreviation for "Parity Preserve/ Prohibit RMTR (repeated minimum 
transition runJength);" a modification to (l,7)RLL^proposed by Sony. 
BTS: burst indicating subcode CLV: constant linear velocity 

LDC: long distance code MSK: minimum shift keying 

STW: saw tooth whole 
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Fig. 6 

(a) shows the structure of a rewriteable Blu-ray disc. The disc 
employs "groove recording* where data is recorded either on the 
land or the groove on the disc, (b) is an electron microscope 
image looking straight down on recorded marks. Data is 
recorded on the groove (on-groove) as seen from the direction of 
incident light from a blue-violet laser device (see (c)). A 
numerical simulation demonstrated that the laser beam 
concentrated in grooves in on-groove recording and expands 
beyond grooves in in-groovc recording. 



(a) Disc structure 

A: Blue-violet laser beam 
B: Wobble 

C: Recording mark (on-groove recording) 
D: Cover layer (0.1 mm) 
E: Disc substrate (1,1 mm) 
F: Minimum recording mark 

0.16/0.149/0.138 urn for 23,3/25/27 Gb 
G: Phase change recording film 
H: Track pitch 

(b) Recording marks (appearing dark gray) on disc 

(c) A: On-groove recording selected 

B: Data is recorded here in on-groovc recording. 
C: Data is recorded here in in-groove recording. 
D: On-groove recording 
E: In-groovc recording 
F: Cover layer 
G: Dielectric layer 
H: Recording layer 
I: Dielectric layer 

Ji Disc as seen from cross-sectional direction 
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K; Disc as seen from above 

L: Laser beam concentrates in grooves 

M: Laser beam expands beyond grooves 



